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PREFACE. 

Geoloot, in its aim to describe the materials composing the earth's 
crust, their mode of arrangement, and the causes which seem to 
have produced that arrangement, constitutes one of the most inte- 
resting and important of the natural sciences. Interesting, inas- 
much as it exhibits the progressive conditions of the world from 
the remotest periods, and reveals the character of the plants and 
animals which have successively adorned and peopled its surface ; 
and important, as it determines the position of those metals and 
minerals upon which the arts and manufactures so intimately 
depend. Valuable as are its deductions, Greology is compara- 
tively of recent growth, it being only within the present century 
that accurate data have been collected, and those absurd specu- 
lations respecting the origin of the globe eschewed, which had so 
long impeded the legitimate prosecution of the subject I^ how- 
ever, long repressed by the imprudence of its early cultivators, 
no branch of human knowledge has made more rapid progress 
since right modes of investigation were adopted — none attracted a 
greater degree of attention, or been more generally applicable to 
the economical purposes of life. To furnish an outline of the 
science in its present state of advancement, is the object of the fol- 
lowing treatise, in which the leading facts are stated in as simple a 
manner as is consistent with accuracy. Technical terms, often so 
ignorantly inveighed against, have not been avoided, but have been 
gradually introduced with their explanations, to familiarise the 
learner with Geological language, and thus prepare him for the 
study of more advanced works, as well as for the practical prosecu- 
tion of the subject A uniform arrangement of the topics has been 
strictly adhered to, so as at once to assist the memory and facilitate 
reference ; theoretical disquisitions have been studiously avoided ; 
and a plain record of facts and observations presehted, in order 
that the treatise might answer the end intended — namely, for Use 
in Schools and for Private Instruction. 



Edinbuboh, May 1844. 
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OBJECTS OP GEOLOGY. , 

1. Geoloot is that science which treats of the materials'^ 
composing the earth's crust, their mode of arrangement, . ' 
and the causes which seem to have produced that arrange- 
ment. 

2. By the eartKs crust is meant that external shell or 
covering of solid matter which is accessible to man's investi- 
gation. The highest mountains do not rise five miles above 
the level of the sea, and the deepest mines descend only 
about a third part of a mile, so that, even were we perfectly 
acquainted with the entire space between the top of the 
highest mountain and the bottom of the deepest mine, it 
would form but a very insignificant fraction of the distance 
between the surface and centre of the globe, which is nearly 
4000 miles. Thin as this crust may seem, it nevertheless 
presents innumerabl^objects for investigation; hence the 
magnitude of this science, which has been ranked, in point 
of importance, second only to that of astronomy. 

3. The materials which compose the crust of the globe are 
exceedingly varied. For instance, one part of the surface is 
covered with sand, another with clay, and a third with gravel. 
How were these materials formed, whence were they de- 
rived, and by what agency were they laid down in their 
present position \ Aoain, shells and bones may be found in 
the sand and clay, phmts and trees in the peat-earth. How 
came these remains to be buried there, and are they similar to 
those animals and vegetables now living and growing upon 
the earth! As we dig through the sands, gravels^ and. 
clays^ we come upon rocks^ some in layexs, o\]!tiftts m tca8b«&\ 



some are bard and ttpar{diiig, othen soft and earthy ; and 
moat of them difier .• in i^olour. Many of them differ ^so in 
the kind of mattei'^f which they are composed, such as 
sandstone, limestg'ibi.ioal, roofing-slate, &c. How were these 
rocks formed, ,«^IKliy what means were they laid down in 
their present jiontions! for rocks so different in kind as lime- 
stone, coal,; aii(l sandstone, must have been fonned undei 
diiTerent oir^uaatuices. Farther, we find petrified shells, 
fi^ea, bone^'dnd pkntB imbedded in these rocks; and diffe- 
rent roelft.jfljntain different kinds of these remains. How 
were they-hnbedded thare i Are they similar to shells, fiBhea, 
and'^nts now existing! Do they seem to have lived and 
grown'hi the sea, in tresL water, or on dry land 1 Such are 
A.ftrtf ef the questions which it is the province of the geo- 
lo^bt ' to consider ; and in doing so, he must ground his 
-'red»6mng upon the analogy of the changes now going for- 
''Aiat'd on the face of the globe, endeavouring to discover 

■ tW relation they bear to former changes, and whether 

"-_'hoth may be ascribed to similar causes. 

,' 4. The caages which modify the crust of the globe are very 
numerous, differing in power, as well as in their mode of , 
action. At present we find river? bearing down mud, 
sand, and gravel, and depositing the same either along their 
banks, in lakes, or in the sea— these deposits forming layers 
of mud, sand, or grave!, which in some cases become con- 
solidated, and assume a rocky appearance. Jf plants, ehells, 
or dead animals be carried down at the same time by these 
rivere, tliey will he imbedded in the layers so fonneil, and 
■will in course of time become petrifieJ, or converted into 
Btonv matter. Raina. frosts, winds, and the like. 




OBJECTS OF OBOLOOT. 9 

those which mainly contribute to the modification of the crust 
of the globe. In general they act gently, and within limited 
spaces; occasionally with great violence, and over a large 
extent of country. These forces have always exerted them- 
selves with greater or less intensity, and have always pro- 
duced corresponduig results. In reference to the masses of 
sandy gravel, and clay, now far removed from waters, and 
to the various rocks which are found at great depths in the 
earth's crust, it is the object of geology to discover whether 
they are to be ascribed to the operation of forces similar 
in kind, but greater in degree, than those above-described; 
and whether the plants and animals found petrified within 
them be or be not of the same kinds* as those now ex- 
isting. If they are of the same races, did they exist under 
similar circumstances I and if not, what seem to have been 
the conditions of the world under which they flourished 2 

6. To solve the numerous problems which geology thus em~ 
braces, a vast amount of research and knowledge is neces- 
sary. To account for the aggregation and positions of many 
rock masses, the geologist requires to be acquainted with 
the principles of mechanics ; to treat of their composition 
and formation, the aid of chemistry must be called in ; to 
describe and classify the remains of plants and animals, he 
must have recourse to botany and zoology ; while, generally 
speaking, tliere are many of his problems, for the successful 
solution of which the assistance of almost every branch of 
natural science is necessary. An amount of acquirements so 
varied is beyond the compass of most minds ; hence ^eolog^ 
has been divided into several departments, which, while ulti- 
mately depending on each other for their progress, can be 
studied as individual sciences. These are — Physical Geo- 
graphy, which limits itself to the mere surface and configu- 
ration of the earth as occupied by land and water, mountains 
and valleys, and other extem£U appearances; Mineralogy, 
which treats of the individual crystals or minerals of which 
rock masses are composed ; and Oryctology, or Palaontology, 
which directs itself exclusively to the consideration of the 
fossil plants and animals that may be discovered in the crust 
of the globe. 

7* Abstract or speculative geology comprehends all these 
branches, and, were it a perfect science, would present a his- 
tory of the globe frorii its origin and formation, through all 
the changes it has undergone, up to the present time ; de- 
scribing its external appearance, its plants and animals, at 
each successive period. As yet, geology is the mere aim 
-to arrive at such knowledge ; and when Nve coxfisA^t 'W« 



difficult it is to trace the history of & nation eren orer a fe# 
centufies, we cannot be Bnrprued at the small progress geo- 
logbts have mode in tracing the history of the earth tbrough 
the lapse of ^es. To ascertain the history of a nation possessed 
of written records, is a task comparatively easy ; but when 
these are wanting, we must examine the rains of their cities 
and monuments, and judge of them as a people from the size 
and structure of their boildings, and from the remains of art 
found therein. This is often a difficult, and all hnt imprac- 
ticable task ; much more so is it to decipher the earth's 
history. It is true that certmn geological fects are recorded ; 
hut the record is neither distinct nor of much antiquity. We 
learn that earthquakes hare r^sed land above, or sunk it 
beneath, the sea ; that volcanoes have formed mountains and 
boned cities, such as Uerculaneum and Pompeii ; that the 
mud of rivers has formed vast pl^slike the Deltas of the Nil* 
and Ganges ; tliat cities once on the sea-shore are now several 
miles inland ; and that cities once removed from the sea have 
been washed away bv its inroads, their sites now forming the 
bed of the ocean. Beyond a few facts like these, we have no 
written geological record ; and, for the earlier history of the 
earth, must descend into the gravels, clays, and rocks which 
form its crust ; judge of past changes by the character of these 
masses ; and reason as to the kind of plants and animals which 
formerly peopled its surface, from the petrified remains wliich 
are entomcied in the strata beneath. 

8. The practical titiii 
tensive. The metals b( , 

lised life are all dug in the shape of ores from the rocky 
crust, i---^-"" —■■•■■I- '~ — '■■ — J :- —■■-:-. -..„'.- —J 
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turist in his endeavours to improve the fertility of the soil. 
Other practical advantages to he derived from the study of 
g^logv might he pointed out ; hut these will he hest con- 
sider^ in a suhsequent part of the treatise, when, as may 
be supposed, the student will he hotter ahle to judge of their 
impOTtance. 

EXPLAIf ATOUr NOTE. 

Qeoloot (Greek, ge^ the earth, and logos, a diaoomBeVHreasoninff 
about the structure of the earth. The term Gtog/noty (from ge, and 
gnogit, knowledge) is sometimes used instead of geology, the former 
signifying ahsolute knowledge, and the latter implying speculative 
reasoning. Geology, however, is the term most frequently in use, and 
is likely to continue so. 

Cbust — the outer or solid covering of any body, such as the crust of 
.a loaf, the shell of an egg, &c. The crust generally differs in quality 
from the internal parts, which it covers ; hence the term " crust <^ 
the earth*^ is used to distinguish it from the interior of the globe, 
oonoeming which we have no certain knowledge. 

Petrified, Petrifactions (Latin, peira, a stone, a,nd/acere, to make) 
— to make or chans;^ into stone. When a shell, bone, or piece of plant, 
l^ being enclosed m rocky matter, becomes hard and heavy like stone, 
yet retauins its shape, it is said to be petrified. Petrification is thus 
caused by the particles of stony matter entering into, and filling the 
pores of the animal or vegetable structure ; lime-water, for instance, 
entering into the pores, and between the fibres of a piece of wood, 
makes it a limy petrifaction. 

Fossil (Lat., /ossusy dug up^ — anything dug up out of the earth is 
fossil ; but the term ** fossils, or " fossu remains,^' is now generally 
applied to petrified vegetable or animal remains dug out of the earth^ 
crust. 

Ortctologt (Gr., orusso, to dig, and logoSf a discourse) — a discourse 
or reasoning aoout things dug up. I^il.£ONTOLooy (from palaioSf 
ancimt, onta, beings, logos, a discourse) — a discourse or reasoning about 
ancient beings. Both of these terms are used by geologists to signify 
the science of fossil remains ; some objecting to oryctology as merely 
referring to things diM up, while common stones are dug up as well as 
remains of planto and animals ; others objecting to paleontology, be- 
cause, though it refers to ancient beings, it does not imply that they are 
fossiL 

Stratum, plural Strata (Lat, stratus, strewn, or spread out). When 
different rocks lie in succession upon each other, each individual forms 
a stratum; and is so termed from its appearing to have been laid, or 
spread out in order. Rocks arranged in parallel layers are thus said to 
be strutted; and those among which there is no appearance of this 
parallel arrangement, tmstratificd. 



GEMEEAL STRUCTUEE AND CONDITIONS OF THE QLOBE. 

9. Before enUring upon the consideration of the materials 
which compose the external crust, there are certain facts con- 
cerning the general structure and conditions of the globe itaelf, 
a knowledge of which ia necessary to the prosecution of geo- 
logical research. Theie are iU Figure, Density, Temperature, 
and Surface Configuration ; the Distribntiou of Land and 
Water, Constitution of the Sea, the Atmosphere, and Plane- 
tary Relations. 



10. Thb fiourb of tbb birth is nearlv that of a sphere 
or glol>e. A diameter (measure through) from north to 
south is said to be polar ; one from east to west, equatorial. 
If the earth were perfectlr spherical, these diameters should 
be of the same measure; but it has been found by accurat« 
investigation that the polar is less than the equatorial by 
about 26j miles. Acconiing to Herschel — ■ 

The Equatorial is . . 792G'648 miles. 

The Polar is . _ s. . ^ . 7899170 miles. 



Difference, 



. liT 



iression 



:6-478 miles. 
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DENSITY. 

• 13. The dbnsitt of the earth has also been computed 
with considerable accuracy. By weighmg the most prevalent 
rocks, it has been found tnat the solid crust composed of them 
is about two and a-half times heavier than water ; but from 
experiments made on the attraction of mountains of known 
bulky compared with the attraction and bulk of the globe, it 
has been inferred that the density of the whole mass is five 
times that of water. In other words, the earth, as at present 
constituted, is five times heavier than a globe of water of 
similar dimensions, and twice that of the rocks at its sur- 
face. 

14- The interior or central material of the earth being thus 
necessarily heavier than the rocks which form its crust, 
numerous speculations have been indulged in as to what the 
nature of these materials may be. It has been said that air, 
water, or stone, as known at the surface, cannot compose the 
interior parts ; for if the law of gravitation exert itself 
uniformly towards the centre, either of these would be 
80 compressed as to give the earth's mass a mean density 
^ater than the laws of attraction will allow. Water, for 
mstance, would, at the depth of 362 miles, be as heavy as 
quicksilver, and air as heavy as water at 34 miles ; while at 
the centre, the density of marble would be increased 119 
times! To make their suppositions accord with the mean 
density of the earth, that is, to reconcile the forces of gra- 
vitation and attraction, theorists have successively proposed 
gaseous fluids, heated matter, and even light itself as the 
central material. 

15. Laying aside all hypotheses, our knowledge respecting 
the density and internal structure of the earth may be thus 
summarily stated : — 1. The density of the rocky crust is, on 
an average, two and a-half times that of water; 2. The 
mean density of the whole mass is five times that of water ; 
3. The central parts cannot be composed of similar mate- 
rial with the crust, otherwise their compression would be- 
come so great towards the centre, that the mean density of 
the earth would be much greater than it is ; and, 4. That 
the condensation of the central masses must be counter- 
acted by some expansive influence, such as heat, or have a 
constitution unlike any substance with which we are ac- 
quainted at the surface. 



16. ThB TBMPBRlTnRB OF TBB BABTH IS « SUbjeCt the C<jil' 

Hideration of which exerciaes a most important influence 6a 

the reagoDui^ of geologists. There Is, flist, the gnrface lem- 
pa^ture, which uiects the growth and distribution of plants 
and animala ; second, the temperature of the ervsl, which may 
give rise to gaseouB eslialationa, thermal Hpringa, mineial and 
metallic trajuformations ; and, third, there appears to be on 
internal or centrai temperattire, having its seat beneath tha 
solid cruat, and which seems to be the cause of volcanoes, 
earthqnakes, and other similar phenomena, 

17. Of the eurface temperature, we Itnowthat it is influenced, 
first, from day to day, and from season to season, by the heat 
of the sun ; second, by the degree of latitude, beiu^ warmest 
at the equator, and gradually diminishing towards either pole ; 
third, by the distribution of land and water, tlie sea being less 
liable to sudden fluctuations of temperature than the land ; 
fourth, by the nature of the surface, the kind and colour of 
matter variouslv absorbing and retaining the beat derived from 
the sun ; and lastly, by the elevation of the land above the 
mean level of the sea, the more elevated being the colder 
rwions. All these influences are at present in active force, 
affecting more or less the growth ana distribution of animal 
and vegetable life ; and in like manner roust they have ex- 
erted tnemselves at former periods, though perhaps increased 
or counteracted by certain conditions not now existmg. 

18. The Urnperatiire of the cTunt may be affected either bj' 
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nually kept within a given limit. By actual experiment, it 
has heen ascertained that, at a given depth beneath the sur- 
face of the earth, there is a point at which the temperature 
remains constantly the same, being uninfluenced oy any 
causes which affect the surface. This depth will vary ac- 
cording to the kind of material of which the crust at any 
given place is composed, be these materials rocks, sand, or 
water ; but in no instance has it been found to be less than 
60, or more than 100 feet. A series of these depths, as repre- 
sented by the white line in the subjoined diagram, is called 
by geologists the stratum of invariable temperature. 




Section, showing the stratum of tevarlable temperature, and relative 

thickness of the solid crust. 

20. Proceeding beyond this invariable stratum^ towards 
the centre (c), it has been found that the temperature gra- 
dually increases ; a circumstance which attracted the at- 
tention of philosophers more than a century ago. In 1802 
D'Aubuisson revived the investigation, and since that time, 
observations have been made in tbe principal mines of 
Europe and America. The greatest, depths at which experi- 
ments have been conducted, are 1713 feet in Mexico, 1684 in 
England, and about 1300 in Germany ; and in all of these the 
temperature has been found to increase according to the depth. 
In 1827 M. Cordier published a memoir on this interesting 
subject, in which he collected the observations of others toge- 
ther with his own ; and having made allowance for the heat 
arising from the breathing of miners, for the combustion of 
lamps, and communication with the atmosphere, he^ drew the 
following general conclusions : — 1. Below tne invariable stra- 
tum, the temperature at any given depth. i^maMaa ^«tXfeO(X^ 
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conatant for several years ; 2. That below the invariable Btra- 
turn the temperature goes on increasing with the depth ; and, 
8. That, taking the average of observationa, thia increase of 
temperature goea on at the rate of one degree of Fahrenheit's 
thermometer for every 45 feet. Others have allowed 60 feet 
for the rise of one degree ; but even taking this lower esti- 
inate, it must follow, if the increase go on in the same ratio, 
that a temperature equal to 100 d^rees of Wedgewood'a 
pyrometer would be found at the depth of 160 miles. But, 
100 degrees of Wedgewood ia sufficient to keep in fusion any 
of the known rocks, so that, according to this estimate, the 
solid crust of the earth cannot be more than 60 or 80 miles 
in thickness — a mere fractional film of the distance from the 
anrface to the centre. 

21. Of the intenutl or cattral heat of the globe, we know 
nothing by actual experiment ; but are left to infer as to its 
amount from the descending; increase of temperature observ- 
able in the solid crust, and from the occurrence of hot-springs, 
vapour fissures, and volcanoes. That the heat of the crust 
increases as we descend, has been fully established by esperi- 
ments in mines, in Artesian wells, and in the waters of other 
deep-seated springs ; and if this temperature ^es on increasing 
at the ratio above-mentioned, then the interior parts must he 
heated to an enormous degree ; so much so, indeed, as fully to 
eonnteract that law of compres^on formerly adverted to, and 
whicli would render all known matter, if placed at tlie ceiitre,BO 
dense as to be iuconsiateut with the mean density of tlie globe. 

22. Taking all cirKitimtances into account, the folloiving 
conclusions seem waiTantahle : — hmt, that the i ' ' 
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taken as the standard or measure ; hence, if water be assumed as weigh* 
ing 1, the rocky materials composing the earth's crust will be 2|, or 
two and a-half times heavier than water. 

Artesian Wells (ArtoiSf a district in France) — a term applied to 
weUs sunk by digging or boring perpendicularly through various strata, 
from the circumstance that this mode was first practised in the dis- 
trict above referred to. ^ 

Thermal (Ghreek, ihermef heat)-^warm or hot. Thermal and igneous 
are sometimes used indiscriminately ; but it is more accurate to make 
a distinction. Thus, in treating of volcanoes, we speak of iffneotu 
agency ; in treating of hot-springs, Uhermal is the more appropriate term. 

Temperature of the earth. — ^The chief of those who have con- 
ducted experiments relative to this subject are Gensanne, Saussure, 
D'Aubuisson, Fourier, Cordier, Quetelet, and Arago, in France, G^er- 
many, &c ; Sir John Leslie, Fox, Forbes, &c. in Britain ; and Hum- 
boldt, in Mexico. Their experiments present a wonderful degree of 
coincidence, and are chiefly of three classes : — 1. Those made ia mine- 
ral veins, or in mountain masses, such as granite ; 2. Those made in 
stratified rocks, as in coal mines ; and, 3. Those made in Artesian wells 
and other deep-seated springs. 

SURFACE CONFIOURATION. 

23. The surface configuration of the earth is more the 
study of physical geography than of geology proper ; but it 
is necessary to observe in what manner it influences the 
geological changes now in progress. The surface of the earth 
is extremely irregular, being diversified by hills and val- 
leys, rivers, lakes, seas, &c. Portions of it are covered with 
woods and forests; other portions are elevated above the 
limits of vegetable or animal life, and covered with eternal 
snows. Some parts of the exposed surface are so hard, that 
no sensible decay is experienced for ages ; others so soft 
and loose, that scarcely a shower falls without carrying away 
a portion to some lower level. These differences of surface 
material are also influenced by steepness and irregularity of 
position ; the transporting power of streams and rivers being 
proportioned to the rapidity of their descent. These are 
familiar instances of the numerous changes -efl^ected by diver- 
sity of surface configuration ; but the student lias only to cast 
his eye over his own district, to be convinced how many geo- 
logical results depend upon this cause. Those immense plains 
— the steppes of Northern Asia, the prairies of North and the 
pampas of South America — must affect and be affected in a 
different manner from the Himmaleh, Alps, Andes, and other 
mountain ranges. The showers and snows which produce 
torrents and avalanches on the Alps, form merely springs and 
harmless streams on the Apennines ; and while the sluggish 
river is forming inland plains with its mud, the rapid torrent 
is carrying its burden forward to the boUoixx o^ >i}i^^ Q^^'ds\« . J0 



24. The surface outline of the earth is e 



description; and, before ve can estimate the full force of thb 
configiiratioQ tts a geological agent, we muat know more of 
the relative elevationa and depressions of the land, and the 
nature of the rocky substances so elevated and depressed. Of 
the sarfaue configurstion of the world in its earlier ages, we 
have no positive knowledge ; but we are certain that what- 
ever it might he, it would materially influence the changes 
then going forward, juat ea the same cause is operating at the 
present moment. 



I. TbB DISTIIIDmON OF LAND AND WATBB, tlpOn whtch 

so many geological phenomena depend, ia influenced hy 



thia principle alone ; namely, that so long aa the same quan- 
Mty of water remains on the globe, a fixed amount of apace 
ivill be required to contain it. If Uie ditlerence between the 



elevations and depressions of the solid crust be small — 
other words, if tne hollows ia which lakes and seas are 
spread out be shallow— their waters must extend over a 
greater space ; and if these hollows be deep, the waters will 
occupy less extensive areas. The operation of this principle 
the student should bear in mind ; for if, in the earlier aees 
of the world, the elevation of the land was less general, the 
waters would occupy larger apace^ and this more extended 
area of shallow water would act in various ways. It would 
render th« climate more genial and unifonn, and exieniJiTi; 
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placed in the northern hemisphere, while the waters occnpy 
the greater proportion of the equatorial and southern recions. 
The relative configuration of land and sea ia extreniely ir- 
regular, and no conception can be formed of it, unless from 
the study of a welt-conrtructed map. 

27. th%» eotifiguration exereUea a moat important influ- 
ence in geologic^ operBtions by determining the direction of 
oceanic and tidal currents, and by modifying the direction 
and force of waves. Ocean-cnlrenta carry along with them 
plants, trees, and other floating material, which will be ar- 
rested wherever the land presents an obstruction. Tides ex- 
ercise a powerful transporting influence ; they rise to greater 
or less heights, according as they are obstructed by the out- 
line of the land ; and while they sweep headlands and pro- 
montories bajre, they lay down sand and gravel in sheltered 
hays. Waves also wear away the land, according as the line 
of coast obstructs or favours the violence of their progress. 
If, therefore, these oceanic agents be wearing away dry land 
in one quarter, and filling up shallow bays and creeks in 
another ; if springs and rivers be wearing down inland coun- 
tries, and carrying the material to the sea ; and if, more- 
over, earthquakes and volcanoes bo here submerging land, 
and there elevathig the bottom of the ocean, the relative 
distribution of land and water must be continually fluc- 
tuating. 

28. Of the depth of the tea little is known from actual sound- 
ings ; but some geolt^ists, taking the mean elevation of land 

tliree miles, have supposed 
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CONSTITUTION OF THE OCEAN. 

30. Op the constitution of the ocean chemical research 
affords us pretty accurate data. Water, whether fresh or 
salt, may contain impurities — such as clay, sand, gravel, 
animal and vegetahle matter ; hut if left at rest, these hy their 
own weight soon fall to the bottom. Such substances are said 
to be mechanically suspended ; and, when deposited at the bot- 
tom, they form sediment. Besides impurities of this descrip- 
tion, water may contain matter which will not fall down, and 
which is said to be held in chemical solution. Sea water of 
the Atlantic, according to Dr Marcet, contains 4 3-1 0th grains 
of saline matter in every hundred ; while, according to 
Dr Murray, the water of the Gennan Ocean contains only 
3 3-lOOth grains. This saline matter consists -chiefly of muri- 
ate of soda (common salt), sulphate of soda, muriate of lime, 
and muriate of magnesia. It has been also ascertained that 
the southern , ocean contains more salt than the northern ; 
that small inland seas, though communicating with the ocean, 
are less salt than the ocean ; that the Mediterranean contains 
a greater proportion of saline matter than the Atlantic ; and 
though the saltness of the sea be pretty uniform at great 
depths, still, at the surface, owing to the admixture of rain, 
river, and iceberg water, it is not quite so salt. 

31. A knowledge of the constitution of the ocean is ne- 
cessary to the explanation of numerous facts in geology. 
The saline constituents must influence more or less all che- 
mical changes, rock deposits, and animal and vegetable life, 
which take place in the ocean. From these constituents 
shell-flsh and coral animals derive the matter of which shell- 
beds and coral-reefs are constructed ; and by this same 
constitution, marine animals and plants are made to assume a 
character which distinguishes them from the inhabitants of 
fresh waters. 

32. The pressure of the sea (which depends on its depth) 
also exerts an important influence, as what takes place near 
the surface would be impossible at greater depths. There, 
animal and vegetable life, as known to us, cannot exist ; sand 
and mud, which remain loose near the shore, would become 
much consolidated if subjected to this pressure ; and, accord- 
ing to the experiments of Sir James Hall, even limestone 
could be fused without the loss of its carbonic acid. Other 
results, depending upon the present constitution of the ocean, 
mififht be pointed out ; but enough, we trust, has been stated 
to impress the student with a conviction of its geological im- 
portance. 

d 



33. The ithospbere, which everywhere sarroauda the 
globe, is either of itaelf the immediate caase of numerous ter- 
restrial changes, or it is the medium through which they are 
effected. The air Is a gaseous fluid, produced hy the combi- 
nation of 79 parts of nitrogen with 21 of osygen, every 100 
such parts contwning a email portion of carbonic acid and 
other extraneous impuritiee. It is indispensalile to the life 
of plants and animals, and an alteration of its constitution 
wonld completely change the relations of animated nature ; 
for, while a greater proportion of carbonic acid would be 
highly favourable to vegetation, it would be utterly deatmc- 
tive to animals. The proportion of nitrogen and oxygen in 
the atmosphere is at present nearly as 4 to 1 ; change ttiis, and 
B of osygen with 1 of nitrogen forms a compound (nitric acid, 
or aquafortis] so corrosive, that even the metals are dissolved 
hy it. The air is an elastic or compressible medium ; and, 
consequently, the lower strata near the earth will be com- 
pressed by the weight of those above them, and thus the 
air will become rarer as we ascend. From measuring the rate 
at which this rarity takes place, it has been calculated that at 
the height of forty-five miles the atmosphere would become 
so rare as to be inappreciable. Forty-five miles has, therefore, 
been assumed as the limit of the atmosphere. 

34. ThU aMal mediam ia the tt^xtratorf/ in which nume- 
roui operatioTia are Reeled. Vapours, rains, snows, clouds, 

iudi, nnd electricity, are among- t!ie most iip[)nrent of 
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influence on the changes which hare been effected, or are now 
going forward, on its surface. From the sun it derives light and 
neat, those agencies so indispensable to animal and vegetable 
existence ; on its relation to the sun and moon depend those 
important tidal influences already adverted to ; while to the 
same relation it owes its daily and annual revolutions, with all 
their attendant results. A permanent increase or diminution 
of the sun's heat would change the whole vegetable and 
animal economy ; the approach of a comet might derange the 
present order of the globe's rotations; and a slight shifting 
of the earth's axis, so as to displace the present planetaiy posi- 
tions of its poles and equator, would so alter tne distribution 
of plants and animals, would so derange its surface configura- 
tion, and change the distribution of land and sea, that the face 
of nature would then present an entirely different picture. 
So far as history or the calculations of astronomy over a space 
of 8000 years will permit us to infer, no such revolutions have 
taken place ; nor do the tides, the sun's heat or li^ht, seem to 
have been in the least affected. But while this is true, it 
does not prevent the possibility of such changes ; and certain 
geological appearances present themselves in the earth's crust, 
which cannot be accounted for unless by the supposition of 
such revolutions. 

86. The daily and annual rotations of the earth, the sun'S' 
light and heat, the ebb and flow of tne tides, &c. are per- 
manent occurrences, dependent on the planetary relations of 
the globe ; catastrophes, such as would arise from the contact 
of a comet, a change in the bosition of the earth's axis, or the 
like, would be temporary and peculiar. 



EXPLANATORY NOTE. 

Elevations and depressions. — ^These are terms applied to the 
riflings and failings of the surface of the earth — ^from the slightest un- 
dulation to the highest mountain, and from the gentlest hollow to 
the greatest depth of ocean. The greatest heights with which we are 
acquainted are those of the Himmaleh range in Asia, the Dhawalagiri 
Peak being 28«077 feet, and the Jewahir 25,747. The Andes, in South 
America, are the next in order, the Nevado di Sorato being 25,250 feet, 
and lUinuuii 24,450. In Europe, the Alps rise (in Mont Blanc) to 
15^68 feet, the Pyrenees to 1 1 ,283 ; and in Africa, G^esh, in Abyssinia, 
is 15,000, and the Peak of Teyde (Teneriffe) gives 12,180. As some 
parts of the dry land are above the level of the sea, so also some por- 
tions are beneath — such as the central regions of Asia around the Cas- 
pian and the Aral seas, where the surface has been ascertained to be 
from 80 to 100 feet actually lower tluin the level of the ocean. But the 
greatest depressions in the solid crust are those occupied by the sea, 
where ^ctuial soundings have reached depths ot neaxV^ «i ^iXi<^\)AibxA 



bthonia i and to which other oaluulatioiu have assigned a deptb of no 

Atalancqes (Prenoh, lavancAa, aralangei) — ate accumulationB of 

Alps, into the valleya beoeath. -Thej- originate in the higher leg^oiu 
of moantajni, and be^n to descend when the gravity of the inaes 
becomea too jtreat tm the slope on which it rests, or nhen fresh 
weather destroys it« adhereni^e to the aurface. Avalanches ar8 
ffenersll; diAtingnished as driflt roiling, didmg, and Racier or ice av^ 
tnches. Drift are those caused by the action of the wind on the snow 
while loose and powdery ; rolling, when a detached piece of snow 
hwins to roll down the steeps it ticks ap the snow over which it puses, 
uid thus aoquirea hnlk and force as it descends ; sltdisg, when the 
Duus looses its adherence to the surface, snd descends, carrying every- 
thing befbre it which is unable to resist its presaure \ and glacier or 
ice, nhen pieces of frozen snow and ice are loosened by the heat of 
•nminer, andprecipitated into the plains below. 

IcEBESO (German eu, ice, and berg, mountain)— the name given to 
the masses of ice reiemUing mountains, oRen found floating in the 
polar seas. They are sometimes formed in the sea itself by the seca- 
mnlation of ice and snow ; at other times they seem to be glaciera 
which have been piling up on a precipitous shore, till broken off and 
laonohed into the ocean by their own weight. Masnea of this kindhavs 
been found in Baffin's Bay two miles long and half a mile in breadth, 
rising from 40 to 200 feet above the water, and loaded with beds of 
earth, gravel, and rocka. Some idea of the size of these icebergs may 
be formed from the fact, that the mass of ice below the level of the 
water is abont eight times greater than that above. Aa they float to- 
wards warmer regions, they gradually dissolve, dropping their biurden 
of rocX debris, and thus strewing the bottom of the ocean with clay, 
grate!, and boulder atones, some of which are many tons in weight. 

Pboportion oi LAND AND SEA.— ,The proportion of land to sea is, 
aocnrately, as 266 to 734. If, therefore, the whole snperflcies of the 
globe be taken at 196,816,658 square miles, it tallows that the dry land 
ooouples 52,353,231 square mjlea, and the oeean an area of 144,463,137 
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CAUSES MODIFYING THE STRUCTURE AND CONDITIONS 

OF THE GLOBK 

37. Had the general structure and conditions of the glohe, 
as described in the foregoing section, been subjected to no 
modifying causes, they would have remained unchanged from 
the beginning of time, and the earth would have presented 
now the same appearance as at any former period. But these 
very conditions are themselves the causes of change, for they 
mutually act upon each other, and give rise to innumerable 
agents which have continued through all time to modify the 
race of nature. Thus, for example, the planetary relations of 
the earth enable it to derive heat from the sun ; this heat 
vaporises the water of the ocean, the vapour produces rains, 
these rains form springs and rivers, the nvers wear down the 
land, and thus change the surface configuration ; the matter 
borne down by the rivers forms new land along the sea-shore, 
altering the distribution of land and water ; and this distri- 
bution of land and water materially affects the kind and dis- 
tribution of plants and animals. This is a simple instance of 
the changes produced by the action and reaction which takes 
place amone the general conditions of the globe ; and the 
student would do well, at this stage of his progress, to fami- 
liarise himself with such trains of cause and effect, as it is 
only by the ready application of similar reasoning that he will 
be able to comprenend many of the phenomena hereafter 
described. 

88. The modifying causes produced by the mutual influence 
of the general conditions already considered are exceedingly 
numerous and varied. At present, it is necessary to notice 
only such as seem to account for the principal facts connected 
with the solid materials which form the crust of the globe, 
and the order and manner of their arrangement. These 
causes, or agents, may be divided into four great classes ; 
namely, Atmosphekic, Aqueous, Igneous, and Organic ; and 
their modes of action may be either mechanical^ chemical, 
electrical, or vital. 

ATMOSPHERIC AGENaES. 

39. Atmospheric agents act either mechanically or che- 
mically : the action of wind in drifting loose sand is mecha- 
nical, the action of the air in weathering the surface of rocks 
is chemical. The atmosphere may either act dxE^VX^^ «&\si 



the case of winds, or indirectly, as in tlie production of waves, 
the effects of which on the sea-coast are often destractire 
and extenuvB. The changes produced on the earth's crust by 
atmospheric ^;eiicy are sometimes slow and gradual, such as 
in the crumblmg aown of rooka; or immediate, as in the up- 
looting of forests by tempests, and the covering of green yal- 
leys by barren saiid-drilt. The air, or atmosphere, is one of 
the moat important elements, and is more or less connected 
witli every operation in nature. By it the sun's l[ght and heat 
are ei;|ually diffiiBed ; it is indispeuBable to the existence of 
plants and animals ; and it is the great laboratory in which 
the waters of the ocean are puri£ed and distributed OTer the 
face of the globe. These may be said to be universal functions 
of the atmosphere. It also acta peculiarly, and over limited 
extent, as in the production of winds, frost, heat, electricity, 
and gaseous admixtures. 

40. Winds are aerial currents. When the air of one r^ioii 
becomes heated or rarefied, the colder and heavier air of the 
anrrouuding regions rushes in to restore the balance, and thus 
atmospheric cnrrents are produced. These currents are ex- 
tremely unstable, blowing without rward to time or direction, 
and modified and obstructed in a tliousand ways by hilla, 
valleys, and other surface irregularities. They are equally . 
unstable in their velocity, varving from the gentlest breeze 
to the fiercest hurricane which overturns cities and uproots 
forests. But though characterised by these irregularities <fver 
the greater portion of the globe, there are regions over which 
they pass with wonderful steadiness for mouths togatlier. Tha 
iiids whiih take i>lace within the t ' 
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and creeks by the waves and tides of the ocean, is no sooner 
left dry by the tide, and exposed to the sun, than it becomes 
light, and easily acted upon by the wind, which raises it into 
knolls and ridges beyond the influence of the returning tide. 
By and by a scanty herbage gathers over the sand, and thus, 
in course of ages, extensive downs are formed. In a similar 
manner the wind acts upon the sandy deserts of Arabia and 
"Egyyiy continually shiftmg their surface ; and if it sets in 
from any prevailing direction, these sands are carried forward^ 
year after year, burying trees, fields, and villages, and thus 
converting fertile districts into barren wastes. When a river 
enters the sea through a sandy district, it has a tendency fre- 
quently to shift its channel ; and this tendency is greatly 
increased by winds damming up the current with drifted 
sand. Volcanoes occasionally discharge showers of dust and 
ashes, which, during high winds, are carried over many 
leagues of surface, or borne out to the ocean. During calm 
weather volcanic dust and ashes would fall in the neighbour- 
hood of the crater ; during high winds they may be deposited 
at vast distances from their original sources. Such examples 
as the above are the ordinary actions of wind : the uprooting 
of forests, the destruction of cities, and the like, are extraordi- 
nary, and are caused by whirlwinds and hurricanes. 

4^. Frost eseerdaes a slow hut permanent influence in modi- 
fying the surface configuration of the globe. When the heat 
of uie surrounding atmosphere falls below 32 degrees of 
the thermometer, water begins to freeze, and in this state 
expands. During winter or moist weather, water enters be- 
tween the particles of all rocky matter at the surface of the 
earth, and also into the larger fissures ; and the expansion of 
this water by frost separates these particles, and leaves them 
to fiftll asunder when the ice is dissolved. This takes place 
more or less every winter ; and there is not a clifl^ or hill side 
but bears evidence of this kind of action. The effects of frost 
in cmmbling down rocky material has been long observed : 
the farmer takes advantage of it to pulverise his soil ; and in 
some districts slate and flagstone are split into thin lamine by 
being exposed to the frost. 

43. Of the amount of change produced by frosty it would 
be difficult to form an estimate ; but, taking it over a lapse 
of ages, there can be little doubt that it has been an impor- 
tant agent. In mountain regions, such as the Aljps, its e£rects 
are strikingly apparent in the formation of avalanches ; and 
in northern latitudes the iceberg is one of its familiar pro- 
ductions. The action of frost in crumbling down a rocky 
snidfoca seems slow and insignificant, but 'wYkAU ^^ VySs. 



upon the avalanche canying rocks, gravel, trees, snd houses 
before it, and burying them in one common ruin ; when 
we look npon the iceberg laden with huge stones, and 
dropping them into the ocean aa it diaaolves, we are more 
impressed with its importance, and are enabled to account 
for certain geoli^ical appeaiancea which no other agencj 
could have produced. (Seenote,page 24.) 

44. Solar heal and tight may, without mnch impropriety, 
be claased ss atmospheric agents, as the atmosphere is ^e 
medium through which they act, and by which they are 
modified. Water conducts heat faster than air, and air, at 
the surface of the 
great heights ; hen 

may have hitherto conducted more heat to the earth's 
foce. The quantity of light which reaches the earth depends 
upon the serenity of the atmosphere, and the height of the 
sun above the horizon ; hence, also, a different condition of 
atmosphere would produce a different amount of light. 

45. Heat and light are indiapenmble to vegetable and ani- 
mal 'existence ; and the kind and number of plants and 
animals depend, in a great measure, upon the degree and uni- 
formity of their influence. Heat converts water into vapour, 
and vapour forms dews, I'ains, &c. The amount of vapour, 
and consequently the amount of rain, will depend npon the 
d^ree of heat ; and hence the heavv periodical rains of the 
tropics. A higher degree of heat all over the earth would 
greatly increase the amount of rains, these rains would form 
more gigantic rivers, and geological effects uf cor reslion ding 
magnitude would folloi 
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insensiblj, and other times with rapidity and violence. We 
knowy abo, that what the chemist has not been able to effect 
by the moet powerful charges of electricity, has been accom- 
plished by the slow and almost insensible effects of the same 
agent. What takes place in the laboratory of the chemist 
may be daily occurring in nature. We occasionally perceive 
the violent effects of electricity during a thunder-storm ; but 
these may be trifling in comparison with what is hourly, but 
insensibly, taking place among the materials which compose 
the crust of the earth. We often hear of the disasters of a 
tropical thunder-storm, where the electric fluid demolishes 
housesi, rends trees, sets fire to forests, dr shivers rocks ; but 
these consequences, though startling, produce no extensive 
terrestrial changes ; so that it is to the slow and unseen agencpr 
of this power in producing peculiar transformations of metalhc 
and other matter, that its importance in geological reasoning 
18 mainly to be ascribed. 

48. The gaseous cofistitution of the atmosphere acts chemi- 
cally, not mechanically. In its ordinary state, as we have 
already seen, every 100 parts are composed of 79 nitrogen 
and 21 oxygen, with a small proportion of carbonic acid, 
amounting to little more than one part in a thousand. This 
constitution ia essential to animal and vegetable life; hence 
the student can readily conceive how any extensive alte- 
ration of this mixture would operate. Carbonic acid gas is 

g'ven off by some springs, by volcanic fissures, and by simi- 
r sources both in the sea and on dry land. This gas is 
destructive to life ; and consequently shoals of fishes, or herds 
of animals, coming in contact with any extensive exhalation 
of it, would be instantly suffocated. Other gaseous fumes are 
also destructive to life ; and bearing these racts in mind, we 
may be enabled to account for peculiar accumulations of 
animal remains in certain situations in the rocky strata. 

49. Rocks exposed to the atmosphere absorb air and mois- 
ture, and the action of this air and moisture weathers, or dis- 
solves the union of the outer particles. These outer particles 
fall off by the force of gravity ; another set of particles are 
exposed to the same wasting influence ; and thus, year after 
year, every rock and mountain is losing more or less of its 
materiaL 

50. Oxygen and carbonic acid are the principal agents in 
this operation. All metallic substances are acted on by oxy- 
gen ; it tarnishes their surface, gradually eats into their mass, 
and in time converts them into a loose powdery substance. 
Iron affords a familiar illustration of this fact : however well 
polished, if exposed to air and damp, it begins \a xv)kS\>)%^\a 



30 OBOUtoi. 

aftet film, till the whole is in time converted into a red- 
dish powder, called rust, or oxide of iron. All the igneous 
rocks, and most of the aqueous, contain iron disseminsted 
in minute particles through their mass, and are therefore 
liable to be acted upon by oxygen. It is this oxide of iron 
which gives the reddish coloar to many rocks and mi- 
neral waters. 

SI. The /armation of many goilt ii ov}ijig to (hit pv!iier~ 
ifing power of the atmosphere; and as their loose matter ia 
washed down by rains and rivers, a new supply is formed 
by further disintegration of the rocks beneath. We have no 
means of ascertaining the amount of change produced by the 
chemical constitution of the atmosphere ; but this we know, 
that it must have exerted itself through all time most power- 
fully in warm damp climates, and lea^t where the air was 
dear and arid. Soft ciays and shales ere easily weathered 
down ; so, also, are all kinds of volcanic rocks ; and even 
granite has been known to be pulverised to the depth of 
three inches in six years. 

53. The atmospheric agenti chiefly instrumental in modify- 
'ing the cruet of the globe, all, more or leas, exert a degiia- 
ing or wasting influence ; that is, a tendency to wear down 
tlie surface to a lower level. Wind occasionally presents an 
exception to this statement, and tends to raise the surface ; aa 
in tlie formation of downs and sand-hills of considerable ele- 
vation, like those of Barry at the month of the Tay. Atmo- 
spheric forces act either mechanically, chemically, oi vitally ; 
ore universal in their operations, with perhaps the exception 
of frost ill the tropics ; Hiiii miiat have exercised an important 




AQUEOT78 A0EKCIE8. 31 

■lamier electricity acts, the action is said to be tketrhal; the recon- 
version of blue vitriol ^sulphate of copper) into metallic copper, as is 
done in electrotyping, is an example of this kind of action. VUal is 
applied to any sort of action depending on life, whether in animals or 
v^tables. 

Winds. — ^Besides the trade-tomcbf blowing within the 25th degree 
of latitude on either side the equator, there are the moruoonsy which are 
merely the trade-winds diverted north or south by the land that lies 
within these parallels ; the simoom^ a burning pestilential blast, which 
rushes with fury over the sandy deserts of Arabia ; the harmattan, a 
cold dry wind, frequent in Africa and in Eastern countries; the 
siroooo, a hot, moist, and relaxing wind, which visits Italy from the 
opposite shores of the Mediterranean ; the 6is«, a cold frosty wind, 
which descends from snow-covered mountains, such as the Alps ; and 
uddrlwmds and tornados, that are common to all countries, but most 
destructive in warm regions. 

Freezing. — ^Water, at the temperature of 40 degrees, may be said to 
be stationary as to bulk ; but if the temperature be reduced, it begins 
to expand, till, at 32 degrees, it freezes, and is converted into solid ice, 
in which state it is 1-1 4th larger than its original volume. On the 
other hand, if the temperature be increased, the water is gradually 
converted into vapour, till, at 212 degrees, it boils, and is rapidly ex- 

ganded into steam, in which state it is 1700 times its original bulk, 
team can be still farther expanded, till almost no known force is 
aUe to resist it. 

Pulverise (Lat., pulvw, dust) — to reduce to dust or powder. Soil, 
which is reduced to small particles by the action of fros^ is said to be 
pulverised. So also of rocks. 

Disintegrate (Lat., dis, asunder, wieger, whole) — ^to break asunder 
any whole or solid matter. The disintegration of rocks is caused by the 
tdow action of the atmosphere or by frosts, &c. 

Degrading, Degradation (Lat., de, down, gradus, a step) — to take 
down from one level to another. The degradation of hills and cliffs is 
caused by rains and rivers ; hence water is said to degrade, or to exep- 
cise a degrading influence on the land. Degradation and elevation of 
land are opposite terms. 

Denudation (Lat., denude, I lay bare) — a term sometimes em- 
ployed as synonymous with degradation, but inaccurately so. For 
example, disintepraHon strictly applies to that action by which the 
materials of solid rocks are loosened or separated from each other ; 
degradation to the carrying of these materials from a higher to a lower 
level ; and denudation to the removal of superficial matter by water, so 
as to lay bare the inferior strata. 

• AQUEOUS agencies. 

63. Aqueous agents, or those arising from the power 
and force of water, are perhaps not so universal or so 
complex in their operations as atmospheric ; but they are 
more powerful, and consequently exert a more obvious in- 
fluence in modifying the crust of the globe. Their mode of 
action is either mechanical or chemical : mechanical, as 
when a river wears away its banks, and carriea the Tcv«L\,etvsi2L 
to the sea; and chemical, when^ from gaseous ai^im:xi\]x«) 
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water is enabled to dissolve certain rocks and metals. The 
action of water is Bometimes slow and gradual, as in the wear- 
ing down of rocks by rain ; or rapid and violent, as ia the 
case of river-floods and seo-storms. The effects of rain upon 
a clifl^ may not amount to one inch in a hundred years, while 
hundreds of acres of alluvial land may be swept to the oceaa 
by one river-flood. Water operates varionsly ; sometimes by 
itself, as in rivers ; sometimes in union with the atmosphere, 
as during land and aea-storma. Its power as a geological aBient 
is most obvious in the case of rains, springs, rivers, laKes, 
waves, currents, and tides ; and the results of these agents are 
distinguished as meteoric, Jlueiatile, lacaatrine, or oceanic, 

54. Bain, hail, enow, and all atmoipheric vapoart, exerciie 
a degraditig infiuence on the earth's surface. By entering 
the pores and fissures of rocks, they soften and eraaualty dis- 
solve their surface, and thus materially assist the operations 
of frosts, winds, &c. Rain, accompanied by high winds, acta 
with greater force ; snow, from accumulating during irost, 
and suddenly dissolving during fresh weather, sometimes 
occasions violent floods and inundations. Floods arising from 
the meltuig of snow are generally vety destructive, for, during 
the season when they occur, the surface is soft and loMe, and 
much mora liable to be carried away. Rain and other vapours 
are indispensable to the growth of vegetables, and when 
accompanied with sufficient warmth, a luxuriant and gigantic 
vegetation, like that of the tropics, is the result. The amount 
of rain which falls on the earth's surface is exceedingly varied, 
ranginjc from 20 or 30 inches Xa several feet per annum. In 
ipitnl regiiina, i-ains ere periodical ; tliiit vi, fflll fur w 
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earth either by rents, fissures, or other openings in the sur- 
face. The water which falls in rain, snow, &c. partly runs 
ofi; and partly sinks into the crust, where it collects in vast 
quantities, and ultimately finds its way again to the surface 
by springs. Springs issuing from strata at great depths are 
said to be deep-seated ; those from clay or gravel are shallow. 
Some only flow during or shortly after rains, and are said to 
be temporary; some flow always, and are perennial; while 
others flow and ebb, and are said to be intermittent, 

57. The characters in vhich geologists have principally to 
consider springs are cold, thermfu, and mineral. Cold springs 
have a mecha^cal action when they cut out channels for 
themselves ; and they act chemically when, for example, 
they contain carbonic acid, and di^lve portions of the 
rocks through which they pass. All petrifying springs — ^that 
is, such as convert wood and bones into stony matter — act 
chemically. Thermal, or hot springs, occur in numerous 
parts of the world (England, Iceland, Germany, Switzer- 
landy Italy, Hindostan, &c.), and also act mechanically and 
chemically, but with much greater chemical force than 
cold springs. Mineral springs may be either cold or hot, 
and take their name from the circumstance of their waters 
holding some mineral or earthy substance in solution. 

58. Mineral springs^ geologically speaking, are by far the 
most important^ as, from their composition, they indicate the 
kind of rocks through which they pass, while they more or 
less influence all deposits or waters into which they flow. 
Thus, some contain iron, and are said to be ferruginous, or 
chalybeate ; some copper (cupriferous), some lime (csdca^ 
xeous), some salt (saline), while others give ofi^ sulphureous 
vapours ; and so on with almost every known mineral. Those 
issuing from strata containing iron or lime are more or less 
impregnated with these substances; and when they arrive 
at the surface of the earth, and their waters become exposed 
to the air, the ferruginous or limy matter is deposited along 
their courses, or is carried down to the nearest river or lake. 
If layers of mud, sand, or gravel be forming in such a lake, 
these layers will be impregnated with the matter of the 
springs ; hence geologists speak of ferruginous, calcareous, 
or saliferous strate. Mineral springs may therefore be said to 
exert a twofold influence : first, by dissolving and carrying 
away matter from the strata beneath ; and, second, by adding 
that matter to the strata which are now being formed on the 
surface. The student will thus perceive the manner in which 
springs act in modifying the crust of the earth ; and in pro- 
portion to their size, the softness of the fitrata t\iiow^ vt\>^Ocu 



they passed, and the degree of heat they hod acqaired, 80 mnet 
the extent of their influence have been at any former period. 

09. River/ are the mott immrlant aqueoui agentt employed 
in modifyins the surface of the globe. Springs, as they issue 
into open day, naturally seek a lower level ; and numben 
of them meeting in one channel, form streams, which again 
join in some Btill lower valley, where their union produces 
rivers of various sizes. Rivera may be said to be a speciea 
of natural drainage, by which the superabundant moistare 
vhich foils on the land is again returned to the sea. They 
Kre of all dimensions ; in breadth from a few feet to severat 
miles, so shallow that a boy might wade them, or so deep 
as to Hoat the largest ships, and rangine in length of course 
from fifty or sixty miles to as many huuareds. 

60. Tht geological action of riveri ia taqfoid ; first, by 
wearing down the land through which they pass, and then by 
csnying down the material to lakes and seas. Both their 
degrading and transporting force depends upon their velocity. 
For example, it has been calculated that a force of 3 inchei 

rir second will tear up fine clay, 6 inches will lift fine sand, 
inches sand as coarse as linseed, and 12 inches fine gravel ; 
while it requires « velocity of 24 inches per second to roll 
along rounded pebbles an inch in diamet«r, and 36 inches per 
second to sweep angular stones of the size of a hen's egg. 
Rivers, during floods, often acquire a much greater velocity 
than tJiis, and stones of considerable weight are then borne 
down, by their currents. The degrading power of numinr- 
water depends al&o upon the kind of matei-ial through which 
it flows ; loose soil, clay, and sandstone being easily worn 
r basalt will suffer little loss for c 
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river flows in b channel upwards of IfiO feet deep and 160 

Eatde wide, for a distance of seven mUea ; and thia channel 
na evidently been produced by the action of the river. Such 



effects aa the above are produced by the nneral or ordinaiy 
action of water ; but wlien rivers are swollen by heavy rain 
by the sudden melting of snow, and the like, then they ai 



with extraordinary violence. In these cases they overflow 
their banks, rush with a velocity of 20 or 30 feet per second, 
tear ap the soil, and sweep before them trees, animals, houses, 
and bridges. The water of all rivers which exert a degrad- 
ing influence is more or less turbid, and an idea of their 
power may be formed by observing thia fact. 

61. The matter vhich river» carry ioum is either deposited 
along their banks, in lakes, or in the ocean. If they flow 



B sediment. This sedimentary matter forms what is called 
alluvial land, and most of the flat and fertile valleys in the 
world have been so produced. Again, when a lake occura in 
the course of riveis, the sediment ia there collected, and the 
water issues Sram the lake as if it had been filtered. In pro- 
greas of time, lakes are filled or lilted np with thig sediment, 
and their basins appear first as marshes, and latterly as al- 
luvial land. But whatever quantity of matter may be depo- 
sited in valleys or lakes, the greatest amount will always b« 
carried down to the ocean, and deposited at the mouth of the 
river or along the shores. The heaviest material, such as 
gravel, will fall down first, then the lighter sand, and ulti- 
mately the finest mud. The mud of the Ganges discoloui-s 
the !!&y of Bengal to a distance of 60 miles from its mouth ; 
and according to Captain Sabine, the muddy waters of the 
Amazon may be distinguished 300 miles from the shore. 

62. The comeqaenee of 
this continual teaaiard- 
carriage of tedinientarg 
matter ia, that at the 
mouths of most rivera 
there are alluvial forma- 
tions, known by the name 
otdeitae; such as tlioae 
of the Nile, the Ganges, 
--^i' the Niger, &c. They 
■-Z, take their name from 
their resemblance in 
shape to the Greek let- 
ter & (.ddtal -, ai\\ i-M- 




qaenlly extend over vast sarfaces — that of the Ganges leiDg 
about ZOO miles in one direction by 220 in another. They 
consist of alternate layera of sand, Kravel, or mud, according 
«» th« I,;- J «r ~.~i — :„! ii : ^ down. 'The foregoing 



to the kind of material the ri 



The gwlagicai rerulU effected bg the agency of run- 
ning voter are ceaseleas and unireisal. Rivers are grndn- 
ally wearing down the hilla and higher lands, and as )rra- 
dually fiiltuig np lakes and low tracts of valley land. They 
lay down Iwds of gravel, sand, or mud ; and these beds, 
agun, enclose trees, pl&nta, the bones and shells of animals, 
in greater or less abundance. As rivers now act, ao must 
they have always acted, and to thU kind of agency must 
we ascribe the formation of moDy of the rocks (with 
their fo^la) which now form the crust of the earth both 
at great depths and at distances now far removed from the 
sea. We nave no actual knowledge of the rivers of the 
ancioit world ; but, judging from the extent of sedimentary 
rocks, they mnst have been much more gigantic than ma«t 
of those now existing. 

64. Wane*, etirmib, ajtd tide», are alto poaer/al geohgieal 

rU, Waves are continually in action ; and according to 
r violence, and the materius composing the sea-coos^ so 
is the amount of change produced. Clifls of sandstone, 
chalk, clay, or other so» rock, are, year after year, onder- 
mined by their force ; masses fall down, are soon ground 
to pieces, and swept off by every tide ; new underminings 
take place, new masses fall down, and thus thousands of 
rps of land liava hecn reduced to a level wilh tlie 
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that tidal currents convey the disintegrated matter to more 
sheltered bays and creeks ; and that oceanic currents convey 
floating material, such as drift-wood, plants, and dead animals, 
iirom one part of the ocean to anotner. Tides rise and ebb 
from 4 to 40 feet ; they enter into certain rivers for many 
miles ; and thus a mingling of fresh water and marine deposits 
take place. As at present, so in ages past ; and by diligently 
studying the eJBTects produced by waves and tides, the student 
will be enabled to account for many appearances which the 
sedimentary rocks present. 

EXPLANATORY NOTE. 

The AcnoN of water is said to be meteoric when it acts throagh 
the atmosphere ; fluviatUe (Jluvius, a rivcr^ when it acts by running 
Streams or rivers ; laautrine (lacuSf a lake), by pools or lakes ; and 
ooeame, when by the ocean. 

Silt. — Mad or sand carried down by any river, and deposited either 
alonff its banks or in lakes, is called silt ; and when a lake becomes 
fiUed with this matter, it is said to be stUed up. Silt is generally ap- 
plied to matter calmly or slowly deposited. 

Debris (French)— a term applied to the loose material arising from 
the disintegration of rocks. 

Alluvial (Lat., luere, to wash, and ad, together). Land washed or 
brought together by the action of water is said to be alluvial. Most 
of the airami and oaraes in Scotland, and the dales in England, are 
alluvial ; as are also the deltas of all such rivers as the Nile, Ganges, 
Niger, Mississmpi, &c. 

SsDiifENT (Lat., sedere, to sit or settle down) — ^matter settled down 
fhmi solution in water. If water containing mud be allowed to stand 
without agitation, the mud will gradually fall to the bottom, and be- 
ecmie sediment. Rocks which have been deposited after this manner, 
such as sandstone, are said to be sedimentary. 

Deposit (Lat., de, down, and positus, placed) — applied to matter 
which has settled down from water. Mud, sand, gravel, &c. are all de- 
posits, and are distinguished by the kind of agency which produced 
them ; • snch as fluviatile (river) deposits, lacustrine (lake) deposits, 
marine (sea) deposits, and littoral (sea-shore) deposits. 

lONEOUS agencies. 

66. Atmospheric and aqueous agencies may be said to exert 
themselves similarly in modifying the crust of the globe. Both 
have a tendency to wear down the dry land ; and if this influ- 
ence went on year after year, without any counteracting force, 
a time might arrive when hills and plains would be reduced to 
one uniform level. But the system of nature is beautifully 
balanced in all its parts, and as one set of agents degradcy 
another are employed to elevate. Thus the layers of loose 
material which are at one time spread out in me X^oVXo'nv \^1 



lakes and seas, Is at another raised into open da^, to form new 
lands for the support of vegetable and animal existence. The 
principal ag^nt employed in this elevating proceee la the 
Igneous, or that which depends upon some deep-eeated source 
of fire. Hereafter we shall notice the opinions which have 
been advanced concerning the origin of subterranean fire ; at 
present we have merely to do with its Bensible affects, 

67. Igneout agency may exert ittetf either chemicoUy or 
mechanically ; chemically, as in the production of new com- 
pounds, gaseous admixtures, &c. ; mechanically, as when it 
elevates and fractures the sdid crust of the earth. Its mode 
of action may be considered under three heads ; namely, 
Volcanoes, Earthquakes, and Gradually Elevating Forces. 

68, Volcanoes may be described as vents of subterraneous 
fire, through which smoke, gaseous v^ours, cinders, ashes, 
stones, and rocky matter in a state of fusion, are discharged. 
Tlie explosive or expansive force of the internal fire forms a 
vent for itself in tlie first instance ; this opening is termed 
the crater, and the matter dischai^d, gradually collecting 
around it, produces a mountam of a towenng or conical form, 
like that described by the fullowmg figure 




America. In these ranges, some of the \enU are in actire 
operation, and others have become dormant; so that we are 
insenBibly led from the crater vomiting forth smoke and lava 
to those now cold and dormant, and thence again back to dis- 
tuit eras when all moantain chains were produced by the name 
kind of forces. Indeed no one can look upon the mere out- 
ward appearance of JEtna and Vesuvius on the one hand, the 
AJpB, the hills of central France, and the hiUa of the Scottish 
Lowlands on the other, without at once assigning their origin 
to similar causes. 

70. Voleaaie force* not only elevate but fraetwe and eon- 
tort the origin^y plane strata, at the same time that they 
throw up rocky matter which, is not arranged in distinct 
layers. It has been already stated that water has a ten- 
dency to lay down the material which it transports in 
flat or level strata ; hence the sedimentary rocks will 



portion will present a very different appearance when frac- 
tured and elevated by these causes. Here the sedimentaiy 
strata sre not only thrown out of their original lerel portion. 




hut are bent, broken asunder, and in some places overlaid by 
dischoi^es of volcanic matter ; hence a very obvious distinc- 
tion exists between rocks of aqueout and rocks of iffneavi 
origin. 

71. A tjoleano mag at one time dUcharge atkeSf at another 
time rack fr^menta, and at a third molten lava; and it is true 
tiiat these different materials may be found (m \\& w&eb ra- 
raoged in Bometh'mg iike atrata ; but tliey do wA. 'gteuaiv'i. 'Ooa 



Ttgularity for any dutance. Sedimentary Btrats, on the other 
hwd, preserve tneii character and continuity over many miles 
of country, showing a calm and tranquil origin in conipari-' 
son with thoae maases produced by volcanic fusion. Other 
distinctions between aqueous and igneous rocks will hereafter 
be painted out to the student ; ^ut at present he cannot fail 
to perceive that sand, clay, mud, and other matter depositi^ 
from water, must be more ei^ually and flatly laid down than 
cinders, ashes, and lava, which are vomited forth without 
order or arrangement. 

72, There are at present upwarde of tao hundred volcajioei 
tn active op^ation. The greater number of these are to be 
found in the mountain ranges of South America, along the 
western coast of North America, and in the Southern Pacific 
Id central Asia there are also several vents ; and j^tna, Ve8u~ 
vius, and Hecla, are well-known examples in Europe. Th« 
number of active volcanoes is nothing, however, in comparison 
with what once existed ; for there is scarcely a country (Italy, 
France, Britain, West India Islands, the^Azores, Iceland, &c.) 
that does not give evidence of innumerable volcanic craters 
which have long since ceased to modify the cruet of the globe. 
Kven these dormant vents are insignificant in comparison with 
the still older mountain ranges of the Grampians, Pyrenees, 
Uralian, Himmaleh, Andes, and other chains which must liave 
been upheaved by the same subterranean forces. 

73. Of the elevating pou>er of volcanoes we have many ex- 
amples within the iiistorical period, and comparing active 
volcanic hills with ancient ranges, we ma^ arrive at some 
idea of the enormous power exerted by igneous forces in 
the earlier ai>es of the world. Uiirim; an eruption of ^tna. 
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tions, a sudden outburst of volcanic action, which lasted several 
months, terminated in leaving six hills, varying from 300 to 
1600 feet in height above the old plain. As on land, so also 
in the ocean ; and the student will hereafter iind that many 
volcanoes have been known to arise from the sea, that the 
bottom of the sea has been upheaved by the same influence, 
and that many islands, such as those of the Pacific and Atlan- 
tic, are mere accumulations of volcanic matter. " Owhyhee," 
says De la Beche, **is a magnificent example of such an 
island : the whole mass, estimated as exposing a surface of 
4000 square mUes, is composed of lava, or other volcanic mat- 
ter, which rises in the peaks of Mouna Roa and Mouna Kaa 
to the height of between 15,000 and 16,000 feet above the 
level of the sea." 

74. Earthquakes are most important geological agents, though 
their origin and mode of action is scarcely so obvious as those 
of volcanoes. The theories which have been advanced to 
account for such phenomena will be elsewhere adveited to ; 
here it is sufficient to state, that, though they occur in all 
parts . of the world, they are much more frequent and 
violent in the region of active volcanoes. Earthquakes are 
strictly mechanical in their mode of action, upheaving some 
portions of the crust and depressing others, causing rents 
and fissures, altering the course of rivers, elevating the 
bottom of the sea to open day, and submerging dry land 
beneath the ocean. They are sometimes so gentle in their 
operations, that a slight tremulous motion of the earth is all 
tnat is perceived ; at other times the shock is so violent, that 
the surface configuration of wide districts is completely 
altered, and the works of man become masses of ruin. 
Volumes might be filled with accounts of earthquakes and 
their disastrous consequences ; we shall simply notice a few 
historical facts to show their importance. In 1596 several 
towns in Japan were covered by the sea ; in 1638 St 
Euphemia became a lake ; in 1692 Port Royal, in Jamaica, 
was submerged ; in 1775 the great earthquake of Lisbon sank 
many parts of the Portuguese and African shores 100 fathoms 
tinder water ; in 1819, at the mouth of the Indus, a large tract 
of country, with villages, was submerged, while a new tract 
was elevated, called the *< Ullah Bund ;" in 1822 about 100 
miles of the Chili coast was elevated to the height of four or 
six feet ; and in 1843 several of the West India Islands were 
fearfully convulsed, and a vast amount of life and property 
destroyed. 

75. The general effect of earthquakes, like that of volcanic 
forces^ is to render the crust of the earth. irreg\]\«c m %m\^^r.^^ 



hj depreming some pottionB sai by Gleratuig others. It re- 
quires little e&brt of imagination ta conceive liow a level tract 
of coontiy might, by a few shoclcB, be converted into abmpt 
heiehts, rents, chasma, and hollows, or even sunk many 
fethoms beneath the ocean. Earthquakes in the vicinity of 
the sea an generally accompanied with violent asitation of 
the water, and waves of enormous height are rolled upon the 
land (60 feet in the Lisbon earthquake), tearing up the anr- 
face, aod forming massee of loose material, 

76. Ai earthquakea now act, to must they ham done in all 
time pait ; and if the great mountwn ranges prove the exist- 
ence of more extensive volcanic agency, we are warranted to 
conclude that earthquakes were also more frequent and disas- 
trous in the earlier ages of the world. If fissures, chasms, 
and sub^dences be at present produced by earthquakes, the 
student will have little difficulty in accounting for the nume- 
rouB rents and breakings which occur in the solid strata in 
regions where volcanoes and carthgnakes have long since 
ceased to exert their agency. 

77. QradiutUy elevating Jbrcet appear b> he intimately con- 
nected with those which produce volcanic eruptions and 
earthquakes. The term is applied where we find tracts of 
couDtnr and shores of the sea undergoing a slow process of 
elevation, without being accompanied with any perceptible 
■violence. Mr Lyell has discovered instances of this kmd of 
elevation along the shores of the Bdtic, where places, which 
a century ago were on a level with the sea, ore now several 
feet above it, and where even a change of a few inches has 
taken place since 1820. 

""■ To what extent giwh forces man liave OBerated i, 
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east coast of England, and the coast of France and Portugal, 
there is a very remarkahle beach of this description, from 40 
to 50 feet above the present sea-level, and presenting a sort 
of step or terrace, which is easily traceable sometimes for 
miles together. This terrace is composed of rounded pebbles, 
gravel, sand, and sea-shells, and such material as usually 
compose the beaches at the present day. 

79. As some parts of the land may he elevated, so others 
may be depressed; and consequently we find stumps of trees 
under the present sea-level, clearly showing ihai tne land on 
which they grew had been submerged. But whether these 
ancient elevations and depressions have been accomplished in 
one hour or in many years, whether quietly or with violence, 
geologists have not yet been able to determine. 

EXPLANATOBT MOTE. 

YoLCAif o, from Vulcan^ the god of fire, who was supposed by the 
aiudents to reside in a oavem under Mount iBtna, and to foige thun- 
derbolts for Jupiter. 

Lava, an Ituian term, now universally applied to those masses of 
melted matter which are discharged by volcanoes during an eruption. 
Loose fragments of rocks, cinders, dust, and ashes, are comprehended 
under the term soonee. 

GiLATER (Chr., krcUer, a cup or bowl)— the mouth or vent of a volcano ; 
so called from the resemblance which its sliape bears to an ancient 
drinking bowL The craters of volcanoes have, in general, one edge 
a little lower than the other, owing to the prevailing winds carrying 
the greater portion of the light material to the opposite side. 

ORGANIC AGENQES. 

80. Compared with the other classes of agents which have 
been descrioed, the Oi^nic are comparatively unimportant in 
modifying the crust of the globe. They exert an elevating 
or accumulating influence, and may act either on the dry 
land, in fresh or in salt water, accoroing to the nature of the 
vegetables or animals from* which they result. They are 
comparatively slow in their operations, but produce the most 
interesting class of phenomena with which geological research 
has made us acquainted. Organic agency presents itself 
under two great heads — namely, Vegetable and Animal. 

81. Veg^ahle growth acts in two ways: first, by forming 
accumulations of matter, such as peat; or, second, by pro- 
tecting the soil from the degrading power of rains and winds. 
Extensive areas of sand-drift would be continually shiftin^^, 
were it not for the vegetable sward which g&thet^ cv^ct XJcvko: 
surface; and all boUs,, during seaaona ot dtow^\> ^i wsi^ 
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the gl'asay turf which c 



d away, were 
„ . . . ..i them. Marine plants ate .._ 

tremely perishable, and exert no perceptible influence on the 
earth's crust. Terrestrial plants are of a veiy different 
character both in point of size, number, and material ; and to 
them are chiefly owing the vegetable deposits In all ages of the 

82. T'ree* and plants are annually carried douin by river*, 
and deposited along witli tlie layers of sand and mud which 
have already been noticed. The raflt of the Mississippi are 
irequently several miles in length, and from 6 to 10 feet thick, 
being composed of trees, roots, and brushwood. All matahes 
and shallow waters give birth to innumerable aquatic plants, 
which grow and decay from year to year, tilL in the course 

■ of centuries, their remains form thick accumulations of peat. 
Peat b<^ of many miles in surface, and from 4 to 20 feet 
in thickness, are frequent in Scotland, Ireland, and other 
countries, and contain trees and the remains of animaRi which 
oncB inhabited the country. Vegetable growth is greatly in- 
fluenced by climate, being more prolific and gigantic in warm 
than in cold regions, and being also entirely difierent in cha- 
racter. While, therefore, peat is farming in the bogs of Ire- 
land, the Mississippi is carrying down the pines of America, 
and the Ganges the palms, canes, and tre»-fems of the Indian 
jangle. 

83. Of the v^etation of patl eraa we can only judge from 
tile fossil remains found in the solid rocks ; and, comparing 
that of the coal strata with what 




It is not in this light, therefore, that animal existence may he 
said to he influential in modifying the crust of the earth ; and 
we may reckon of slight importance all the skeletons of the 
« laiger animals which are deposited along with the mud, sand, 
and gravel in the bottoms of existing lakes and seas. It is the 
minutest forms of life which are mainly instrumental in form- 
ing deposits of this class ; such as the coral-insect, shell-fish, 
and some crustaceous animals. 

85. By the labours of the coral animalcule are formed those 
extensive reels of solid coral, (fr limestone, well known to the 
navigators of the Pacific. These reefs rise in masses of various 
shapes ; sometimes as islets, at other times as circular belts 
enclosing a lagoon or lake of salt water, but more frequently 
in long abrupt ridges from 20 to 100 feet in thickness. The 
great reef, which follows the line of the northern coast of 
New Holland, is more than 1000 miles in length, in the course 
of which there is one continued portion exceeding 360 miles, 
without a break or passage through it. The animalcule is 
scarcely so large as a pin's head ; it is star-shaped, is of a soft 
gelatinous structure, and myriads of them unite in their 
operations to form a single branch of coral. By examin- 
ing a piece of coral, its surface will be found dotted with 
small star-like openings : each of these contains a single ani- 
mal, and the space between them is covered by the membrane 
above referred to. These animalcules have the power of 
secreting limy matter from the waters of the ocean ; they are 
incessantly at action, and many of the reefs rise several feet 
in the course of a few years. They do not commence their 
labours at great depths, but attach their structures to rocks 
from 60 to 100 feet below the surface ; and thus the coral 
reefs partake of the shape of the submarine ridges on which 
they are founded. As their structures approach the surface, 
the waves and currents of the ocean detach large pieces, which 
are either drifted on the land, and form coral-beaches, or are 
piled upon the surface of the growing reef, till it rises above 
the sea. When the animal reaches the surface it ceases its 
operations, and the subsequent elevation into islands and dry 
land is performed by the waves and tides, and by the elevat- 
ing forces described in the preceding section. 

86. Coral is almost ^tirely composed of pure limestone^ and 
is found in all stages of solidity, from an open porous mass, 
with the live animal upon it, to a hard and compact limestone, 
with scarcely a trace of its animal origin discernible. There 
are many species of the coral animalcule, each variety rearing 
its structure after a different form ; and from this fact such 
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coral, brain coral, &e. Whatever be the shape, the Bnbstanea 
formed, and theEr mode of action, is the same. Thej are found 
largely over the Santhern Pacific, in the Indian Sea, the Bed 
Sea, and other portions of the ocean. As at present, so in 
former ages of the world ; and the student will hereafter find 
that many of the beds of limestone now deep in the cnut of 
the globe, have been formed by tlie same kind of organia 
agency. 

87. Shetl-fi*h, lilie the coral animal, haw the poaer of 
aeereting limy matter from the ocean. In the former case, the 
secreted matter fonns a covering or enclosure for the animal ; 
in the latter, the animal is external, and the structure forma a 
mere groundwork for its operations, and 'a wider field for the 
increase of its kind. There is an immense variety of shell* 
iisb, but only a few varieties exist in great numbers, and it la 
by the agency of these that shell-beds are formed. The oyster, 
muscle, and cockle, are familiar examples ; they live in areat 
shoals or beds, covering from a few acres to many miles of the 
bottom of our seas and friths. Zoologists have found that 
most shell-fish live in shallow waters oronnd the shores ; and 
from this habit they are more liable to be covered by the 
material borne dovm by floods and rivers. In raised beachea, 
and in deltas, we actually find such accumulations of shells, 
sometimes several feet in thickness, and presenting the same 
appearance as when they lived and multiplied in the 
waters. If, then, extensive layers of shell-fish now exist 
and if they are sometimes found imbedded in the alluvi^ 
matter of deltas and lakes, the student will be better enabled 
to account for the occunence of tliick masses of shells, or 
limestone wholly composed of sliellg. amone the solid rocky 
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89. The formation of coral-reefs and eheH-heds is a gradual 
and ordinary operation; but shoals of other fishes may ha 
entombed during violent storms, or during submarine volcanic 
eruptions, which are attended by noxious vapours, heat, and 
a suffocating agitation of the mud of the ocean. The modes 
in which vegetable and animal life mxy affect the crust of the 
globe are extremely complex and varied, but the above are 
the most obvious and important. 



BBCIPITULATION. 



r 

90. As detailed in the preceding section^ the causes chiefly 
employed in modifying the structure of the globe may be 
divided into four classes — ^Atmospheric, Aqueous, Igneous, 
and Oroanic. The former two exert a degrading or wasting 
influence, and if not counterbalanced by other forces, would 
ultimately wear down the dry land to a level with the ocean ; 
the latter exert an elevating or accumulating influence, and 
thus maintain that elevation and diversity of dry land essen- 
tial to animal and vegetable life. To assist the memory, these 
agents may be briefly arranged as follows : — 



DBORADIIta CAUSES. 

Afmoiphaic Aqwoua. 

Winds, Rains, Snow, &c. 

Frosts, Springs, 

Heat and Light, Rivers, 
Gaseous Admix- Waves, Currents, 
tores. Tides. 



ELEVATING CAUSES. 



Ignetna. 

Volcanoes, 
Earthquakes, 
Gradually elevat- 
ing forces. 



Offfonie, 

y^etable accu- 
mulations, as 
peat, &c. 

Animal, as coral- 
reefis, shell- 
beds, &o. 



91. If, then, on the one handy winds, frosts, rains, rivers, 
and waves be continually wasting down the solid crust, and 
depositing the debris in layers along the bottom of lakes and 
seas ; and if, on the other, these layers be consolidated by 
pressure, by chemical processes, or by heat, and be then ele- 
vated into dry land by volcanoes and earthquakes, it must be 
obvious that the surface of the globe is in a state of perpetual 
change. These changes may be slow and imperceptible, or 
sudden and obvious ; but in either way the appearances exhi- 
bited by the earth's surface must be very dinerent now from 
what it was many thousand years ago. What was then 
covered by the ocean, may now be dry land; and what 
was dry land, may have since been ocean, and may now 
be dry land again. These changes will be manifested by the 
kind of layers or rocks deposited at each successive period iiL 
the bottom of the sea ; hence the geological Yxvalox'^ oi ^i)QA 
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world can only be discovered by the ataiy of these strata. 
But aa these stratA were upheaved by volcanic agency, rocky 
masses of igneous or volcanic origin are frequently mingled 
with them ; hence we find not only stratified rocks from de- 
position in water, but<unstratified, the result of igneous fusioD. 
Agmn, all strata originally deposited by water will contain 
more or less the remains of plants and animals which flourished 
during the period they were deposited ; and the consideration 



bited the waters. These unstratiSed and stratified rocks, n 
the animal and v^etable remains which, they contain, form 
the solid cmst of the globe — the structure, composition, and 
formation of which it is the province of geology to consider. 



Secretion (Lat., wcncfui, separated . 
vegetables are uid to lecrete certain (ubetaneeB. Coral, (Or 

iaan anir- ' ' -* -'"— - —'---'- -■ ■■ — '— ' 

power of 






, rhieh tbe Bnimalcule haa tl 
Lug from the water of the oceau ; reiin and gam a, 



.t-, cast dofA^). In Zoology thie tenn ifl applied to tbe 
intGEumcnta of animib which ore periodically ahed or cast off, 
:he akin of Die goake, the ciuataceOTis coTering of the crab, 

ology it a employed to defiignate fosail ammal remaina 
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the tenuB fj/iuou* and volcanic. The foUowmg engraviitf^ re- 
pnsents the appettrsnce which the stratiSed and oiutiatified 
TDoke present in a section of the earth's cmst. 




93. AU roekt, wlatewr be their origin, have three characlera 
imder which they are viewed hy the geoloeiBt— namely, the 
Mechanical, Mineral, and Chemical; and though it ia impos- 
sible, in an elementary work of this kind, to enter fully mto 
the consideration of tnese characters, still it is necessary that 
the student should be in some degree acquainted with the tech- 
nical terms which are employed io designate these characters. 

94. The mechanical slrttcture of roeks is that which pre- 
seuta itself in the general appearance of the mass as it occurs 
in the earth, or in portions of the mass when it is broken up 
by artificial means. It has nothing to do with the composi- 



Tocks are arranged in layers, and these layers can be split up 
into still thinner plates, na slate ; others occur in columns, like 
the basalt of Stafia and the Giant's Causeway ; and these 
«olninns can be broken np into small prismatic piecea. This 



jetothe mere outward form, and the latter to the shape 

of the smaller iragments into which the mass can be broken. 



The external structure of coal, for instance, is stratilied, but 
the internal structure varies ; caking coal breaking up into 
email cubes or square pieces, splint coal into thin slaty divi- 
uon% and cannel coal into irregular fragments, having a ehell- 
likesDT&ce. 

66. XTie lermr employed to describe thete varieties of structure 
are useful, in as far as they enable one writer to make him- 
self imderBtood by another. The following are those of most 
frequent <h 



""•y retti »«■«- * A.tnrfainii ^ a/t/ifyir^ f mf 

Caboiial, in Bquare mawes reaembline enbes, u lome jiiecnitoneo. 

PruBiatw, occuiring in maases, witbuoeB and snrlea likaa [sisin. 

Columnar, m cDlumm or piUan, like bault. Wbere tba pillars aie 
sot veiy distinct and rejfulBj, tlie teem anb-caUannar h used. 

Siratuntj bedy tfa.pi, aTid layer. Theee are nearly a^onymoua termSr 
aU canvej'ine the idea of being spread or laid out ut parallel maBses, as 
saDdstonOj ^te, &c. 

■Sclaslo!e,fisaSe, doty, laminar, are employed to desorilie rooks capable 
ot bein^ eplit up into thin plates or diTisions like slate. 

FoliM, when the laminiE or slat«s split up into still thinner leaves. 

SQuamate, when the fragments hava a scaly appearance, like mica. 

Fejrom, having a fibraoa teitur& like isbestns ; aaaJar, when the 
fibiei have a distinct needle-shaped appeanuoe. 

Veaiealar, cellidar, when the tcxtnn of the rook is fall of small cells 

Granular, when the texture is mode of distiuet grsins, as grmiite. 

Saeeharoid, when the grains have a unifbtm eryatalline aspect, like 
loaf-sugar. 

Foroia, of an open texture, ot full of porea, ss pumicestone. 

jpriaile, when eaal j broken down ; earlhy, of a soft doll texture ; and 
onnpacf, when ot a ctofio and firm texture. 

Qd. The mineral character of rockt has reference to the 
Dumber and aggregation of the simple minerola of wliich they 
ore composed. A piece of granite, for example, ia composed 
of distinct crystals of felspar, quarts, and mica, whicli are said 
to be simple minerals. In general, minerals occur in fixed 
shapes, as cubes, prisms, &c. in the igneous rocks ; ivhile in 
the a([aeouB, their edges and angles ore broken and water- 
worn. Same rocks are simple — that is, composed onl^r of one 
mineral, such as limestone ; others compound, or formed of 
several minerals, as granite ; and some, apparenttj simpler 
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the room of mica ; granite is then called sysntife. Hornblende is so 
named from its h(»ny fracture. 

Jd^mo^te, so called from the pointed or thorny appearance of its 
crjrstius ; it is of a greenish-gray colour, and found in some of the early 
dates. 

Augite, a greenish mineral found in many igneous rooks ; it is the 
type of a class to which hornblende and actynolifce belong. St> f- /f£ 

DkUla^f also called SchUler Spar, an olive, blackish, or yeUowiui- 
green mmeral of a foliated structure, and having a metaUic lustre. 

Schorl, occurs in black prismatic crystals ; is brittle and lustrous, 
and beemnes electric by heat and friction. 

Chhrite, so called from its greenish-black colour ; it is either of a 
crystallised or foliated structure ; and in the latter state it forms the 
greater portion of that greenish slate called chlorite slate. 

Greefhearik, a greenish earthy mineral allied to chlorite, which 
enters largely into the composition of many trap-rocks. 

Talc, a transparent mineral resembling mica, but softer, and not 
elastic. 

Steatite; all rocks containing this mineral feel greasy or soapy, and are 
thus easily distinguished ; they are sometimes called soap-stones. 

Garnet, a reddish or wine-coloured mineral found in some mica slates 
and volcanic rocks. 

Carbonate of lime ; pure marble, chalk, &c. are carbonates of lime. 

Carbonate of magnesia ; lithographic Ihnestone is a compound of car- 
bonate of magnesia and carbonate of lime. 

Stdphate oflime ; gypsum, or plaster of Paris, is sulphate of lime. 

Chloride of sodium ; common salt is chloride of sodium ; it is found in 
sea-water, and in masses constituting rock-salt. 

Bitumen, an inflammable mineral, found either liquid, as in petroleum 
or rock-oil ; solid, as in asphalte ; or mixed, as in common coaL 

Iron, oxide and stdphurets of; rust is an oxide of iron ; pyrites, or 
those Uttle yellow cubes found in roofing-slate, are sulphurets. 

98. TKe most abundant rocks are formed by the aggregation 
of the above minerals. It would be impossible to convey an 
adequate idea of these rocks by a mere verbal description ; 
and at this stage the student should endeavour to make him- 
self familiar with the following rocks (of which there are 
many varieties ), by the inspection of actual specimens :— * 

6&ANITE, FELSPAR BOCK, QUARTZ ROOK, 

SYENITE, CLAYSTONE, SANDSTONE, 

GREENSTONE, HORNSTONE, CLAY-SHALE, 

BASALT, PITCHSTONii SLATE, 

HYPERSTHENE ROCK, GNEISS, FLINT, 

DIALLAGB: rock, mica SCHIST, CHERT, 

SERPENTINE, CHLORITE SCHIST, LIMESTONE, 

WACKE, HORNBLENDE SCHIST, COAL. 

99. The chemical character of rocks has no reference either 
to their mechanical structure or mineral aggregation. Ac- 
cording to the deductions of chemistry, all bodies in nature^ 
whatever their structure or appearance, are composed of 



fifly-four simple or elementary eubatances. Granite, mine- 
ralogically speaking, is composed of quartz, felspar, and mica ; 
but these three minerals are each composed of sevetal che- 
mical elementa — quartz, for example, being a compound of 
the ^^aseous body oxygen, and a metal called ulicum. 

100. Of the elementary bodiei, under the ordinary pressure 
and temperature of the atmosphere, there are — 



phonia, selenium, , - - 

ThirtcoD 9oiid mefaiioids, nbich unite with 
earths arxd alkalies — Bodlum, potaaBimn, lithiuT 
jttrium, glucininm, thorium, calcium, magnesi 



palladium, iliodium, pUtiuum, gold, and iridium. 

101. Only a few of the jifly-four so-called elements enter 
largely into the composition of the rocky mosses which con- 
stitute the (Tust of the globe. The moat prevalent are 
oxygen, carbon, sulphur, aluminum, silicium, potassium, 
sodium, caelum, magnesium, and iron. Of these, oxygen is 
by for the most prevalent ; it is found in combination with 
every other substance, and is supposed to constitute fully one 
half of the ponderable matter of the giobe, 

102. From tehat hat been stated in the foregoing paragraphs 
respecting the mechanical, mineral, and chemical characters 

- ■ ■ knowka-e of 
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fhem broken and water-worn in gneiss, and concludes that 
gneiss mnst have been formed of the disintegrated particles of 
granite. Again, to the chemist, geological conclusions and 
mineral clarification are but secondary objects ; he takes up 
the simple minerals, and resolves them into their simplest ele- 
ments, and finds that quartz consists of silicium and oxygen ; 
felspar of silica, alumina, lime, potash, oxide of iron, and 
water; mica of silica, alumina, magnesia, potash, oxide of 
iron, and oxide of magnesia. A knowledge of these chemical 
facts also greatly assists the geologist, as they enable him to 
account for many changes which take place among rocks, and 
firom whence their materials have been derived. For instance, 
iron and clay-slate are not perceptible in granite ; yet, by 
chemical means, the ores of iron and clay-s&te may both be 
derived from the felspar and mica which constitute the 
granite. 

EXPLANATORY NOTE. 

Charactebs op rocks.— The student will readily learn to distinguisli 
the mfichamoal characters of rocks, that is, that which relates to their' 
external forms and internal texture. For example, he can have little' 
difficulty in determining whether a rock be columnar or massive^ 
granular or fibrous ; he may, however, frequently be puzzled to decide 
as^ to its mineral composition. Certain simple minerals, as quartz, 
mica, iron pyrites, &c. are easily recognised ; but in the majority of 
cases many tests are required, such as taste, smell, adhesion to the 
tongue, colour, lustre, form, hardness, and so on. For this purpose a 
knowledge of mineralogy is necessary ; an acquirement which, at this 
stage, the student is not expected to possess. It will therefore be ad- 
visable that he familiarise himself with the most prevalent minerals and 
rocks by the inspection of actual specimens, cabinets of which can be 
obtained from the dealers for a trifling sum. To ascertain the precise 
chemical constitution of any rock, is a matter requiring considerable ex- 
perience in the laboratory ; but possessed of a retort and spirit-lamp, 
a blowpipe, a few test-tubes, and acids, the student may readily de- 
tect the presence of such substances as lime, iron, copper, lead, 
snlpfaur, soda, potash, &c. 



MEANS OF GEOLOGICAL INVESTIGATION. 

103. The means placed within marHs reach for investigating 
the history, of the globe, are of a very satisfactory description. 
The accessible crust being for the most part formed of stratified 
rocks occurring in definite order one above another, each com- 
posed of certain minerais^ and containing diffet«ti\. VycA^ ^1 



fbesil plasta and animus, It enablet) ni to determine the Tel&tive 
tiroe required far the formation of certaJn strata, and to predict, 
from the kind of Ibisila, what must have been the state of the 
earth ae to climate and other ^graphical features at the period 
when theae remains were imbedded. Strata, for example, > 
which contain the remains of marine shells and fiahea, indicate 
that thej have been deposited in seas ; those eontaimng fresh- 
water shells and plants, that they have been formed in lakes 
and estuaries ; ana as certain plants and animals now flourish 
in a tropical climate, bo will similar fossil remains indicate that 
they have lived under a similar temperature. Fine-grained 
and thinly-laminated beds, such ea clay-alate, must hare been 
deposited under different conditions from a bed of gravelly con- 
glomerate : and the circumstances which went to the &rma- 
tion of coal, must have been widely different from those under 
which chalk was formed. Further, some strata lie in a slants 
ing position ; and as we know that all matter deposited from 
water arranges itself in nearly horizontal beds, these strata 
must have been turned up by some elevating cause. No ex- 
tensive elevation of the crust, however, can take place vcithout 
causing reuts and fractures, contortions, and other distocationa 
of the strata ; and from the magnitude of these, some idea may 
be formed of the volcanic forces which caused them. Thus it 
is, by the stratified rocks, the order in which they occur, the 
kind of material of which they are composed, and the organic 
remains imbedded in them, that the geologist is enabled to pro* 
ceed with his inveatigations, 

104. Sad the stratified rocka lain in regular vndUtUThed 
xnccfui.inn, like the coats of an onion, m.tn would have made 
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Into the earth's ctdbI, from the expense of worldiw deep aheSa, 
and the difficulty of canjiog off uteur water. Were the same 
series of to<^ however, thrown up in a slanting position 




pierces the coal-beds a, b, and c/ No. 2 the coal-bede c,ii, 
and e ; and No. 3 tlie coaI-l>eds e, f, and g. Now, hy adding 
the results of these comparatively shallow shafts, they would 
famish ns with infonnatiaii respecting the whole series of 
strata from aU> g, and which, in a horizontal position, human 
means never could have reached. By collecting and compar- 
ing the r«nlt3 of many shafts and horinga, geologists are 
enabled to map out sections of extensive districts, and so 
became acquainted with the stracture of the earth to euor- 
mona deptue. 

106. The moH exterutve and tatisfactory sectioni of stratified 
rocka are those presented by ravines, and by the sea-shore. 
Thus, in tracing the course of a river, as represented by the 
following engiBving, the geologist would become acquamted 



with several seriea of rocka, and see their mineral and fossil 
character much more distinctly than by any shaft or boring. 
Here the river bank exposes the strata from C to D in regular 
succesaion, where it is obvious, had they been in a horizontal 

Cition, only two or three beda would have been cut through 
, the action of the water. Such sections are numerous m 
hilly countries and along the sea-coast ; and in these situa- 
tions should the student make himself familiar not only with 
the succession of strata, but with the modes anl ^ecviVBXiA^ 



lOT. The itratified rocki bein^, as it were, the iej to tlie 
■tmctDTe and history of the earth, it mil be neceasaiy to 
advert to some of the more common forma in which strattfica- 
tion is presented. When strata lie in a flat or level portion, 
they are said to be plane or horieontai, as at j1 in the snb- 
joined fignre ; when they slant, as at B, they are said to be 




indtTied, and the angle which they form with the horizon is 
called the dip, or angle of inclination ; when highly inclined, 
as at C, they are termed verlical, or edge strata, as appearing to 
be set on edge ; when bent and twisted, B3 at D, eonlorUd ; 
and when suddenly bent up by subterranean forces, aa at B, 
they are s^d to be tdted up. 

108. Strata which dip in two opposite direetiont from a com- 
mon ridge^ at II, are said tu loviii aauiitic/iiial luis, or saddle- 
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parallel to each other ; but unconformable when one Mt of 
beds overlie a lower seriea, without aiij conformity to the 
position of the latter. The strata at x are unconformable to 
those upon which they rest. There are several other terms 
wplied to the position and incUnation of stratified masses, but 
the above are uiose which most frequently occur. 



109. At all atraCified racks mere originaUy laid down in a. 
position nearly iarixontal, the different inclinations and con- 
lArtions described above must have been produced by elevat- 
ing or igneous causes. Wliether the upheaving forces exerted 
themselves through volcanic vents, accompanied hy discliarges 
of unstratified or igneous rocic, or simply as earthquakes, they 
would produce other appearances than mere change of posi- 
tion in strata. These appearances are generally known by the 
name of fractures, or diervptiont, and may or may not be 
accompanied by discharges of igneous rock. 

110. Difcliargei of igneous rock present themselves either as 
disraptiTig, interatratified, or overlyijig masses. In the accom- 
panying section, A is simply a disrupting mass, or mountain 
rangie, by which the ordinal strata are broken asunder ; B is 
partly a diarnpting mass, and parity overlying, as it overlies 
the strata at d ; and is both dlamptmg and interstratiiied, part 
of the fused mass appearing between tne strata at e. Disrupt- 
ing masses are caused by the expansive force of the fused mate- 




rial &om beneath ; overlying masses by the rock spreading 
itself, when in a liquid state, over the surface of the strata ; 
and interstratified by overlying masses being covered by a new 
deposition of strata. Sometimes there is a pseurfo or false 
ititeratratification ; that is, when the expansive force of the 
igneous rock has raised one set of strabi ^m another, and 
inserted Itself for some distance between them. In either case 



tiie interstratified igneoua rock presents no rsgiilsTity or con- 
tinuity of stratification, and is easily distiugui^ed mim rocks 
formed from sediment in water. 

111. Fracturei of the ttrata caused by subterranean forces 
are known by the tenns veins, foults, dykes, slips, bit«h«8, 
&c. In the subsequent figure, a is a suite of veina traTersing 
unstratified and stratified rocks ; b a fault, or dinlocatUm, on 
each side of nhich the strata are tlirown at diflerent iuclina- 
tions ; e a dyke, composed either of igneous rock injected 
from below, or of clay and ^vel washed in from above, aim 
accompanied by an alteration of the dip ; and d a AiteA or 




slip ariauig from a portion of the strata having been thrown 
down to a Ion er level without any change in the inclination. 
Of course the phrase thrown down is merely relative ; for 
while the strata on the right of d appear to be thrown down, 
those on the left seem to he thrown up. The mining term^ 
vp-throa and dwn-throm, therefore, refer to the same pheno- 
menon, and are used according to the position from which the 
strata happen to be viewed. 
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ORYCTOLOGY— SCIENCE OF FOSSILS. 

112. Fossils, whether vegetable or animaly generally partake 
of the dutracter of the rocky substances in which they are im- 
bedded; that is, if occurring in limestone, they will be more 
or less calcareous ; if in coal, more or less bituminous ; and so 
on of other substances. It must not be supposed, however, 
because a plant or animal is found in limestone, that it 
will be always wholly calcareous, or because it is found in 
coal, that it will be bituminous ; the fact is, that fossils often 
present very irregular characters, the organic substance being 
sometimes entirely destroyed, leaving only its cast or impres- 
sion. But whatever changes they have undergone, they may, 
for the sake of convenience, be arranged into three classes ; 
namely, petrifactions^ converted into stony matter ; bitumi- 
nidations, converted into bituminous matter ; and metalliza- 
tionsy where the substance of the fossil, whether stony or 
bituminous, is pervaded by some metallic substance. 

PEiaiFACnON, BITUMINIZATION, AND METALLIZATION. 

113. The process , op petrifaction consists in the infiltra- 
tion of stony matter into the pores of bone or vegetables. In 
some instances, the animal or vegetable substance has been 
almost entirely dissolved, and the stony matter so gradually 
substituted, that the petrifaction presents a perfect resemblance 
in its minutest parts to the original structure. Petrifaction 
has been artificially attempted, by burying bones in mud, 
clay, and lime ; when it was found that at the end of one 
year the bones had become harder and heavier, and scarcely 
distinguishable from true fossils. Springs containing lime in 
a state of chemical solution are familiar examples of petrifying 
agents, when they convert pieces of moss, straw, twigs, and 
other bodies, into limy or calcareous matter. Lime is one of 
the most prevalent petrifying agencies; but wood is often found 
converted into fiint, or siliclfied ; and many fossil trees are 
mere masses of fine-grained sand or quartz. 

114. The organic structure of plants and animals is not de- 
Hroyed bypetrifaction^ as has been proved by many experi- 
ments. For example, slices of fossil trees have been made so 
thin as to be semi-transparent, and thus show the traces of 
v^etable fibre ; and fossil zoophytes have been suspended 
in acids till the whole of the lime wa& dissolved, leaving 
the animal tissue distinct in its original form^ and ^YC^ftlYoi^^ 



in its ordinal colour. From thb it will be perceived tbat the 
etracture of tlie orfcaiiisni always more or less remsine, and 
forma a basis for the petrifying Bolutian whicli thoroughly 
pervades it, without disturbing thB Brrangement of tlioae parts 
on which its characteristic form depends. It is thia form or 
external character whicli enables geologists to compare and 
classify fossils with existing plants and animals. 

IIS. Bituminixatian is that process by which vegetables 
inaenidbly loae tbeir organic structure, and pass by a chemical 
process into bitumens ; that is, into inflammable aubstances, 
of which coal, mineral pitch, asphalte, &c. are examples. 
Bituminization may sometimes be regarded as s sort of 
petri&ction, as when substances not originally vegetable are 
impregnated with bituminous matter, such as fossil fishes 
found in bituminous slate. But bituminization proper is 
t«tallj different, and refers only to a certain change wiiich 
vegetables undergo, by which they more or less lose their 
vegetable texture, and are converted into solid or liquid bitn- 
men. To render this more evident by analogy : — If a piece 
of animal muscle be buried in the earth, where it obtaiHB 
BufBcient moisture and warmth, and is wliolly excluded from 
the air, it is soon changed into a fatty wax-like maaa (caUed 
adipocere, from the Latin, adeps, fat, and cera, wax), in which 
no trace of animal fibre is present. In like manner, if vege- 
table matter be excluded from the air, and subjected to heat 
and moisture, it is gradually converted into a black viscous 
and inflammable suoatance, called bitumen. This bitumea 
ia found in all states of purity : pure and limpid as naphtha, 
oily 03 petroleum, viscous or slagj^y hs in mineral fiiti ' 
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is obtained. This process of bituminization has been defined 
as ''a fermentation peculiar to vegetable matter placed in such 
situations as not only to exclude the external air, and secure 
the presence of moisture, but prevent the escape of the more 
volatile principles." Every one is familiar with the kind of 
fermentation which takes place when half-dried hay is thi*own 
into a heap ; it gives off neat, becomes black in colour, and 
frequently takes fire and is consumed. It is this heating pro- 
cess whicn produces the bituminous fermentation when the 
vegetable mass is excluded from the air, and subjected to 
moisture and pressure. Animal remains may be impregnated 
with bitumen ; but it is vegetables alone which can be 
converted into mineral pitch, jet, and common coal; and 
these substances are more or less pure, according as earthy 
matter may be mingled with them. 

117. Metallization is that process by which fossil remains 
become impregnated with, or wholly converted into, metallic 
substances. The student must be aware that metals can be 
dissolved or held in a state of solution, as well as in 
a state of fusion. In this state of solution they are borne 
about by the waters which hold them; and these waters 
either percolate through the earth, or mingle intimately with 
the substances which compose it. The strata which imbed 
fossils generally contain metallic substances, such as iron ; 
animals and vegetables, when in a state of decay, give off cer- 
tain gases ; water is always present in greater or less abun- 
dance ; and thus the metallic substances, the gases and 
water, by chemical union, form compounds, which enter 
thoroughly into the pores of the fossils, and so convert them 
into a metallic, instead of stony or bituminous state. The 
changes thus effected are sometimes partial, the external parts 
of the fossil being metallised, whilst the interior remains stony 
or bituminous ; sometimes the fossil is simply covered over 
with an incrustation of metallic ^ts, such as iron pyrites ; at 
other times the original elements of the fossil remain tnoroughly 
imbued with the metal; while not unfrequently the whole 
substance is rendered metallic, every trace of organic structure 
being obliterated. 

118. By these three processes — Petrifaction, Bituminizationy 
and Metallization — ^have the remains of plants and animals, 
which once lived and grew on the face of the globe, been pre- 
served in the strata which compose its crust. So complete in 
many cases is this system of preservation, that the geologist is 
enabled not ojily to discover their form and structure, but 
to decide with certainty as to their habits, and to say whether 
they were fresh-water or marine, whether terrestrial or 



aquatic, whether they lived and fiourisbed under a tropicAl or 
nndei a temperate climate. 



119. Before the geologist be qualified to decide as to ths 
nature of fosaU plants and animals ; before he can classify them 
and compare them with those now enisling-, or determine all 
the conditions under which they must have flourished, he 
would require to be acquainted with the leading facts of 
botsDT and zoology. In an elementary worl: of tins kind, it 
would he out of pWe to enter largely into the characteriatioB 
of these sciences ; but as a certain amount of knowledge is 
necessary to the nnderstendin^ of subsequent details, we may 
shortly recapitulate the classification of plants and Hnimn h 
as generally received among botanists and zoologists. 

120. Vegetables may be arranged under two grand divi- 
sions— Cellular and Vascular : — 

I. C^alar—yiUhoat regnlar vessele, but <»nnp>»cd of fibrea wh1<^ 
aametimes eros* and interlace each other. ConfervK, lichens, fluigi, 
■Igffi (aea-weedB), knd diobbm, belong to tbie division. In some of thesa 
i^iliea there are no apparent seed orgaoB. 

II. FoKuiar — with vessels which form orgaua of nutritton and repro- 
duction. Aceocding to the arrangement of these organs, vascular plant* 
have been divided into four claues :— I. Without perfect Dowera, and 
with no visible seed orgaoa (ctyplcyamia). To this class many (b«il 
plant* belong ; such as gigantic tree fema, horse tails, and others i«- 
■embllng ferns. % With flowers, but having the seeds naked (pkmm- 

oermoas). To this fIobb belong the rjc^ili's?, or pine ajipls 
; conifcra:, or firs. 3. Flowering plants with one eotyled^ 
a (plianerogaiilia monocBij/ttdonuss). This chiss mmpriae* 
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circulation, and particular organs for breathing by. Animala with 
Bivalve, Univalve, and Chambered shells, belong to this division ; though 
many molluscs, like the common snail, have no sheU. 

III. Articulated — to this division belong Worms, Crustaceous animals 
like the lobster, and all Insects. Their nervous system consists of two 
long cords, ranging along the body, and swelling out in different parts 
into knots or gannions. Worms having their bodies composed of rings 
are called anneUdes, and have red blood : some species of worms ixt-^ 
habit a calcareous tube, supposed to be formed by exudation. 

IV. Radiated — comprises all those animals formerly called Zoophytes^ 
or animal-plants, as corallines, &c. In animals of this division, the 
ox^ans of sense and motion are circularly disposed around a centre or 
ans ; hence the term radiated, or disposed in rays. They have no dis- 
tinctly-marked nervous system, and the traces of circulation in many 
q;>ecies can hardly be discerned. Many of the radiata are fixed, such as 
the corids ; others move and float about, as the star-fish and sea-urchin. 

122. Besides the above distinctionsy which depend on the 
stracture and form of plants and animals, there are others 
which should constantly be kept in view ; namely, those 
depending upon mode of life, climate, and situation. The 
plants of the tropics are very unlike tiiose of polar regions, 
both in number, size, and character; marine plants and 
animals are essentially different from those inhabiting fresh 
waters ; and aquatic plants and amphibious animals present 
a very different appearance from those constantly existing 
upon dry land. Each race of plants and animals is, more- 
over, perfectly adapted for the functions it has to perform 
in the economy of nature; and is furnished with peculiar 
organs, according to the kind of food upon which it lives, 
and the other habits it displays. Thus, one set of organs 
indicates swiftness, another strength, a third prehensile or 
seizing powers, a fourth climbing, leaping, or swimming 
powers, a fifth that the animal lives on roots, on herbage, 
or on the flesh of others. 

123. As in the vegetable and animal economy of the present 
day J so in all times past ; and thus the geologist, by analogy 
and comparison, is able to decide as to the character of tne 
fossil plants and animals which he discovers. He finds in 
their characters and skeletons a key to the modes of their 
existence, and can tell with precision whether they lived in 
the waters or on dry land, in fresh or in salt water, in a cold 
or in a hot climate ; whether animals browsed upon plants 
or lived upon other animals, whether they are furnished 
with organs indicating an amphibious existence ; and in 
general can determine their character and modes of exis- 
tence. Moreover, as certain classes of plants and animals indi- 
cate certain conditions of the world, the geologist will be 
enabled by their remains to decipher the "^akt \ii^T^ ^i ^'ws 



glglie, and so anive at that which Is the aim and object of all 
true geological research. 



PETHiFAf^iONS are, in general^ deaoribed according to tLa nxincTat 
mbitance whicli entets moal abundantly i 
it be lime, then they arc desiffnatcd coletii 
flint, liliceora or sUicified (j«lr^, flint) ; and bo on of other 

BmiiiEN (Gr., pilvi, tho pitch tree) — a variety of u 
mineral subBtancee, which, like pitch, bun with flame in the open ^. 
Naphtha, petrolenm, and aAphaltum, are familiar exampleB ; and all 
entetanees impregnated with these bitumene are B^d to be itiamiiioiit, 
■evalent opinion tbat sU blto- 

^ itable 'matter ia liable to va- 
taia itatea of fermentation, aecording"to the degree of heat, ail, and 
moisture to which it ia auhjected. These etatea have been aneoBsaivelr 
deaciibed aa the Bacchaiine, vinous, aectoua, 
For eiample, the weciorme is that which mar 
tjon of D^tmg " add in the ripening of fruita ; it water and heat be 
applied, it ptuses into the vmoiu, or that by which wine and niirituoiia 
liqnora ai« formed. Again, if. while the vinous is going on, air be pac- 
tially admitted, the aoeloia, or viaega>forming fermentation, will be 

rlduced ; and by ^irther exposure of the vegetable matter to the uT) 
will pass iiit« a mass of earth and carbon: this Gtsitibr the !epiie,m 
patrefying pn>eeaa ; but if air be excluded, and heat, moistniv, and 
presBim he preaent, the bitamiaoaa will be the reault. By a Imowledge 
of these processes, it Is easy to understand how malt, wine, nnegu, 
rentable mould, and coal, are reapectively formed. 

ADiPOCBKE (Lat., ad^, fiit, cem, was)— a fatty substance piodnoed 
by the decompoution of the fleah of animals in moist sitnat^ona, oe " 
u»der water, resembling, in some of its properties, a mixture of fat and 
.^ ._ t — J ._ J — ave-ynrdB, in peatbog — -' — ' — '- 
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characters stamped upon the rocks which constitute its crust 
—characters ohviously analogous to such as are now produced 
hy causes in active operation around us. It was necessary, 
therefore, to learn something of the existing structure and con- 
ditions of the glohe, and of the causes — mechanical, chemical, 
and vital — which are modifying these conditions, in order that 
ve might he enahled to reason from what is recent and appa- 
rent, to that which has taken place at more remote periods. 

125. The term rock is applied by geologists not only to those 
hard suhstances usually called so, hut also to all sands, clays, 

travels, and marls which occur in beds, strata, or masses, 
t is also used to denote a collection of such substances : 
thus, we say the " rocks of a country ;" or, speaking more 
definitely of any mineral series, we say the Chalk rocks, the 
Carboniferous rocks, and so on. The rocks which compose 
tiie crust of the earth, though varying much in mineral cha- 
racter, as well as external appearance, occur either in masses^ 
or in series having a close resemblance to each other ; so much 
so, that geologists conclude that certain series have been 
formed under similar circumstances. This opinion is further 
confirmed by the fact, that certain series of strata always 
imbed fossils of a different character from those contained in 
any other series ; hence the origin of rock classification. 

126. Leibnitz, in 1680, divided rocks into two great classes — 
Sxi^TiFiED and Unstratified— the latter being the result of 
igneous fusion, and the former that of aqueous solution. This 
distinction, though of importance at the period to which we 
refer, was still of little avail in deciphering the history of the 
earth, as unstratified rocks are mingled with the highest as 
well as with the lowest strata ; and as, moreover, the stratified 
rocks differ essentially from each other, and often contain 
very different fossil remains. Lehman, a German mineralo- 
gist, next proposed to divide the stratified rocks into — 

Prim ITIVB — ^those containing no fossil orjpnic remains. 
Secondary — ^those containing remains of animals and vegetables. 
Local — ^those but partially occurring in different districts. 

127. WerncTy the great German geologist, improved upon this 
classification^ and divided all rocks into Primary, Transition, 
Secondary, and Local. The term Transition was added by 
Werner, as implying that the rocks so called exhibited a 
passage from the primary into the secondary in regard to 
their mineral character, and also that the earth was chang- 
ing from an uninhabitable to an inhabitable state during the 
period of their formation. Subsequently, from the fossil 
discoveries of Cuvier and others, a more definite idea was 
attached to the term Local, and the word TertlaT^j v?^va 

E 
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eniplojed to denote all those regularly stratified beds which 
occur above the Challc atrats. These divisiona — Primaiy, 
TranBition, Secondary, and Tertiary — though liable to many 
objections, are still more or less m use by geologists ; hencft 
the following classification of the stratified locka which com- 
pose the cnut of the earth : — 

SopERFiciiL AccCMCLiTioNS— an loose and in«giilacly deposited 

miuKs of clay, sand, ^vel, aod boulder stones. 
Tebtubt — loeal deposits of regular itrata, ooutaiuing remains of 
plants and animals, not diffeiuie widely &om those now Inhaldt- 
uig the Rlobe. 
9ECOND1BI— strata of chalk, clsy, and shale, red and white sand- 
stones, coal, ironstone, and limeatone — occurring in duui; parts 
of the world, and containing foBsil plants and anioiala of diSe- 
rent epedes from those now eitiBting. 

containing lew or no foaail plants, and the remtuns of do higher 
animals than cmsticea, shelt-fish, corals, and corallines. 
Priuibi — slaty and ctjstallino strata, Tsrj hard and compact, 
and totally cold of or^ic remains. 
128. As geolagUta became better acquainted with the tuc- 
eesiion of the stratified rocks, a more mtnufs subdivition took 
place, and these formations llare been found to consbt of 
n'stems, series, and croups of strata difiering coouderablj 
from each other. Thus the term formation ia applied to 
designate strata which seem to have been formed under nearly 
umilar circumstances. A formation may consist of eeverid 
aysteme — that is, strata having nearly the same mineral and 
fossil cliaracter; and there may be several groups in a system, 
Buch as a sandstone or limestone group. All these groupa 
■" ' ' ' ' '" ■orjinj,' to their thickness or ester- 
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Chalk — soft and white, with layers of flint ; ohalk, J |pK«t, 
hard, and without flints. 4^** 

Ckdk Gault, or beds of bluish marly clays, with green Tw^' 
sand. 
G&ESN-SAND — ^beds of green ferruginous sands, with ' 

chert nodules. 
'Wealden group — ^bcds of clay,_argillaceous 
stones, and sands, "~ " ■-„«mj__i™J„ 

Oolite — beds of ooli^ liB^^aoS^a.f^f^lSas^^nts. IT^Ik 
sands, and clayi 
#«3l«-r«f^i<^ JjIas gboup — ^bluish clays, alum shales, marls, an 
ror»;^iif^, y limestones, aU finely stratified. 

'Saliferous marls — ^variegated shales and shell 

limestone, with bands of sandstone. 
Red sandstone group — fine-grained, sometimes 

conglomerate. 
Magnesian limestone — thick-bedded limestones 
and calcareous conglomerates. 
rCoAL MEASURES — alternating beds of coal, shale, 
ironstone, and sandstone. 
CJarboniferous, or mountain LIMESTONE — tliick- 

bedded grayish limestones and shales. 
Calciferous SANDSTONES — white, thick-bedded 

sandstones, and calcareous shales. 
Yellow sandstones, with beds of mottled shales 

and marls. 
Red sandstones — sometimes fine-grained, some- 
times quartzosc and conglomerate. 
^/>/>*//^/ Gray or rusty-coloured sandstones — ^micaceous, 

'Z ' V, and often in flags or thin-bedded. 

^ Upper silurian rocks — gray and bluish limestones, 
with coloured micaceous shales. 
Lower silurian rocks — impure shelly limestone, 

mottled sandstones, dark calcareous flags. 
Hard argillaceous rocks — thick-bedded sand- 
stones, slaty sandstones, and limestones. 
Fine and coarse-grained slaty rocks — gray mica* 

ceous slates. 
'Clay-slate — finely laminated; dark, liver, and pur- 
plish-coloured. 
Hornblende and chiastolite slates, finely lami- 
nated, 
f Chlorite slates — ^greenish-coloured slates, with 
-| mica, mica schist, talc schist, crystalline lime- 
l, stone, and quartz rock, 
^u^. r Gneiss rocks — intermingled with irregular beds 

Qtat^yn^ \ of quartz rock, crystalline limestone, and mica 

hxat\K\v, ^^^^'y. •^V'^^ -^^cT' 

To assist the student in forming an idea of the suc- 
cession of these formations and systems, the stratified 
rocks are more summarily arranged ia thei ioiVkrwVsi^ 
diagram x-^ 
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:■: aV^JSin'— Cnrmrtf^f, Wtafi/n, ^m^if i>^(f«/in't ^tl. 
69»V7 V<Aatao\ci = OEOLOqT. f'rrmian Ca'^i'/t./fie'iJ 




(Classification op bock formations. 69 

129. The unstratified or igneous rocks occur in no regular 
wecessiany but appear amidst the stratified without order or 
anaDgement ; heaving them out of theu* original horizontal 
positions^ breaking up through them in volcanic masses, and 
sometimes oveminmng them after the manner of liquid 
lava. From these circumstances, they are in general bet- 
ter known by their mineral composition than by their 
order of occurrence. Still, it may be convenient to divide 
them into three great classes ; graniticy trappean^ and volcanic 
— granitic being the basis of adl known rocks, and occuning 
along with the primary and transition strata ; the trappean of 
a darker and less crystalline structure than the granitic, and 
occurring along witn the secondary and tertiary rocks ; and 
the volcanic still less crystalline and compact, and of compa- 
ratively recent orifi^in, or still in process of formation. Classi- 
fying the stratified and unstratified rocks after this idea, they 
would present the following tabular arrangement : — 

UntraUfied. Associated imth, 

TOLCANIC fSuPEBPiciAL ACCUMULATIONS — 8oil, alluviam, di- 
\ luvium. 

f Tertiary— crag, fresh- water marls, London and 
I plastic clay. > 

TRAPFEAN. -l Secondary — chalk, oolite, lias, new red sandstone, 

coal measures, mountain limestone, old red sand- 
l. stone. 

Transition— Silurian and grauwacke rocks, concre- 
tionary limestones. 
Primary— clay-slate, crystalline limestone, mica 
schist, quartz, and gneiss rocks. 



OBAimiG. 



This divifflon of the igneous unstratified rocks subserves many 
useful purposes in geology ; at the same time that it is a dis- 
tinction warranted by the nature, aggregation, and aspect of 
their component minerals. The granitic, so named from their 
distinctly granular and crystalline texture, comprise granite, 
syenite, protogine, primitive gi*eenstone, serpentine, porphyritic, 
and other varieties of granite. The trappean (Swedish," trappa," 
a stair) are so called from the step-like or terraced sides of 
the hills formed by these rocks, which include basalt, green- 
stone, clinkstone, claystone, trachyte, porphyry, and amygda- 
loid. The volcanic, as the name implies, are those products 
dischaiged by recent or active volcanoes, such as lava, obsidian, 
scorifle, pumice, and tufa. As associated in the crust of the 
earth, flie Unstratified and Stratified rocks would present 
something like the annexed section : — 
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190. It mu9t not be supposed, however, that the stratified rocks 
always occur in any portion of the earth's emst in full and 
complete succession, as represented above ; all that is meant 
is, that such would be their order if every group and fohna- 
tion were present. But whatever number of groups may be 
present, they never happen out of their regular order of succes- 
sion ; that is, claynslate never occurs above coal, nor coal above 
chalk. Thus at London, tertiary strata occupy the surface ; 
in Durham, magnesian limestone ; in Fife, the coal mea- 
sures ; and in Perthshire, the old red-stone and clay-slate ; so 
that it would be fruitless to dig for chalk in Durham, for 
magnesian limestone in Fife, or for coal in Perthshire. It 
would not be absurd, however, to dig for coal in Durham, 
because that mineral underlies the ma^esian limestone ; or for 
old red sandstone in Fife, because that formation might be 
naturally^ expected to occur under the coal strata of that 
county, in tne regular order of succession. To make this 
order of succession still plainer, suppose the rock systems to 
be represented by series of figures, we might have — 



or any 
suchiii- 
veision. 



Any member of the series may be absent ; but those that 
xemai4 never occur out of their natural order of supraposition* 
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SZPULNATO&T NOTE. 

Classification of bocks. — Other *< Systems of Classification'* than 
the above halve fimm time to time been advanced by geologists ; but as 
most of them are founded upon some favourite theory, or upon mere 
local data, they have not met with anything like a general reception. 
It may be necessary, however, to notice some of the mstinctions which 
occur in the works of certain modem authors. Conybeare and Phillips, 
in their Geology of England and Wales, divide the stratified crust into 
the following otden : — 

L Superior-oantaixting the Tertiary deposits. 

2. SupermedkU^-cam-ptisix^ the eludk, oolite, and new red sandstone. 

& Medial emmii jgliig tiie eoal measureB, Tnnuntain limestone, and old red 



4. iSh«&metUa{— oontalniiig the Transition strata. 

6. Jirt^(rior— emlxraciiiy all the Piimitive foxmatioiis. 

OtheoBB have proposed to divide the crust into five great formations ; 
namely, ^Co^tvku, OniaoeouSy Caritoni/erouSf Scktstoae^ and OnjiUnSJMMt \ 
taxik m. these formations bdng subdmded into tkuc«e v^i^^eoksw %aXh- 




,.. flU— Tiiriepitei mMls, rrf aandHtonp, and ini«DIHlAn Um«tol» 
Gtrfxmifiroul — coaj ineafiiir»» mktislonB ^it, And moimlBin limefitoua. 
B^AairionifeTOut — old red AudBtone. 

The iflcluof the itratified cruet, divided and Buijdivided in this manDer, 

u warranted by actual oljaerration. The term /nssilifirvra U oommonly 
aDiplofed to denote all those formations in which fosrili lisTe been 
Iband ; snd mm/oaai/t/eroas, those, like the mica schist and gaeiaa, in 
vhich DO oTganio remains have yet been discovered. MeiufoorpAic b 
sometimes applied to those non-fossilifcrous systems, implying that the 
■trats have been so metamorpliosed by heat, as to obliterate all traces 
of fossil exuvis, Mr Lyell divides the Tertiary strata into {our Kronpa ; 
Damely, Eaceni, Mekcene, Pleiasne, and Plcktactnt ; these termg indi- 
cating the approach which the imbedded fossils make to exlstiDg 
natflre. For example, Eooene (Gr., eoa, the dawn, and kainoa, recenth 
indicates those strata in which the (faun or commencement of recent 
Animals takes place ; Meiocene (meion, less), less recent ; Pleiocene 
(pferOR, more), more reeent ; and Pleistocene (p^mfon, most), most re- 
Cent, or approaching nearly to existing orders. Instead of Stratified 
Uid Unstratified, or Sedimentary and Igneous, some geologista make use 
of the terms N^laman and Platosii: — the (brmer ^ng derived bom 
Nepltinf, the god of the sea or water, and the latter trom Ftato, the god 
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this globe was in a fiised state, as has been supposed by many 
philosophers, the granitic crust is such as would be formed by 
cooling down of the inieous matter. Cooling and contract- 
ing irrefinlarly, it would assume an unequal suHiace ; here forc- 
ing itseu up into considerable heights, and there sinking into 
hollows; tne highest granitic mountains bearing no greater 
proportion to the size of the globe, than the blisters and scoris 
on a smelting furnace do to the liquid mass upon which they 
are formed. 

133. Hie composition of granitic rocks is somewhat varied. 
Qraiiite proper is composed of crystals of felspar, quartz, and 
mka ; is generally of a grayish colour ; but is sometimes red- 
dish, from the oxide of iron contained in the felspar. When 
the dark glistening mineral hornblende takes the place of the 
mica, the rock is known by the name of Syenite, from Syene 
in Egypt, where it is found in great abundance ; and when 
talc supplants the mica, the admixture of felspar, quartz, and 
talc, forms the Protogine of French geologists. Sometimes 
it is formed by an admixture of quartz and nypersthene, with 
scattered crystals of mica, and is then called hypersthenic 
granite; or it may assume a speckled and mottled appearance, 
from the presence of variously-coloured minerals, such as 
chlorite, and is then called serpentine, from the fanciful re- 
semblance it bears to the serpent's skin. Porphyritic granite 
is also of common occurrence ; that is, when, in addition to the 
ciystals which compose the general mass, larger crystals of 
felspar are indiscriminately mingled through it. Occasionally, 
the minerals in granite are so arranged as to bear a resem- 
blance to the lines in Arabic writing ; hence this variety is 
known by the name of graphic granite. 

134. Besides the above varieties, there are other distinctions 
in use among geologists, according to the colour and composi- 
tion of granitic rocks. Felspar, quartz, mica, hornblende, and 
hyperstnene, are the most abundant constituents ; but the 
aspect of the mass is sometimes modified by the partial ad- 
mixture of other minerals, especially actynolite, chlorite, 
talc, schorl, and steatite. When only two minerals form 
a granitic rock (as felspar and mica), it is called a binary 
granite; when three (felspar, quartz, and mica), a ternary 
granite ; and when four (quartz, mica, felspar, and hornblende), 
a quaternary granite, 

136. The structure of granite is always massive and irregu- 
lar ; its texture is of various degrees of fineness, from a hard 
and close-grained rock, to a coarse and loose aggregation of 
primary crystals. 

136. The position and relation of granite to the Tprlmoir's 



ttrata is exceedinf^lj irregular Sometimes it nam up in 
mountain messes (m »i) at other times spreads out as an 
wndulatine floor or basis (S 6) and not unftmjuentlj breaks 
through the nnstratified rocks m reins (ti « t) c v) of the 




Kda(tT« PoslChnu of OnniW. 
most &ntastic description From these farts, there can be 
no doubt of its igneous origin and tbe student will there- 
fore be prepared to find it hke all other igneoos rocks, 
occurring amid the stratified formations at vanouB periods 
of the earth's history Generally speaking it is associated 
with the primary and transition formations just as trap 
rocks are usually associated with secondary and tertiary 
strata, or as Tolcanic prodncts are mingled up with the 
flnpeificial accnmulations now m progress bnt the stU' 
dent is not on this account to suppose that granite may 
not also be found m conjunction with secondary or tertiary 

137. The geo^raphtcal dtttrtbahon of granitic rocks is Tery 
' ' form mon^ of the nii at e^teti^ne moiintain 
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pToducts are applied are by no means unimportant. Compact 
granite, from its extreme nardness, is largely employed in tiie 
construction of docks, lighthouse foundation^ bridges, and 
other structures where durability is the object in view. 
Waterloo Bridge in London, the Liverpool and other English 
docks, are built of Aberdeen granite. It is the ordinary build- 
ing stone in the city of Aberdeen. The pyramids, Pompey's 
pmar, and other ancient Egyptian structures, are composed of 
it, as are also many monumental erections in our own country. 
Within these few years, the red granite of Peterhead, in Scot- 
land, has been brought into use as an ornamental stone ; and 
machinery has been erected to polish it like marble, to which 
many prefer it for chimney slabs, vases, pedestals, &c. Mica 
and t£uc are sometimes found in crystals more than a foot 
square ; when of this size, they are split up into thin plates^ 
and, from! their transparency, used in some countries as a sub- 
stitute for glass. Talc, by the Russians, is thought preferable 
to glass for ship light, as it is not apt to be broken by the 
firing of cannon ; it also'Btands a higher degree of heat than 
glass without splintering. Some varieties of felspathic and 
talcose granites are easily decomposed by exposure to the at- 
mosphere, and in this state produce a fine impalpable powder 
of silica and clay, of great use in the manuracture ot porce- 
lain. Mosaic tessers, buttons, and artificial gems. The clay 
from decomposed fcjspar is known in China by the name isli'^tifpap 
kaoHriy and is used oy that nation in the manufacture of ^«arA 
their finest china. According to Dr Boase, upwards of 12,000 
tons of decomposed felspar (Cornish clay) are annually ex- 
ported from Cornwall to the Englii^ potteries. 

-KdoUn' l*w>w*y/A /£/r^€ff ^»?>W Cloy <f Corn wMI 

EXPLANATORYNOTE. ^ ^ U. • ^ V ''4^ V 

Oranitic GiiOiTP.— To the i&iEiiy^rarfeties of this group Mr Lyell 
ai^Ues the tenn Imgene rocks (Or^ ^pOf under, and gwomctif I am 
foimed) ; that is, nether, or undeivioniied rocks. This teim he emplo^nB 
to avoid any theory as to the origin of granite ; but it has not be^ 
generally adopted, the prevalent belief being, as mentioned above, 
that granite is of igneous origin ; that it has resulted fix>m the gradual 
eoohng down of the fflobe while in an incandescent state ; and that it 
therefore forms a baas for all the stratified systems. 
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140. Before describing tlie primary rocks, it is necessary to 
advert to a general fiu^, applicable to the character ot '«ASL 
stratified formations. 8iHc&mBy argiUaceouS) «alcnTcou%^ tesA. 



earboniferout componndB, may tie said to constitute the solij 
crust of the globe ; and these compounds differ in their 
appearance and mode of aggregation according to the order of 
tneir occurrence, For instance, the siliceous rocks of the 
primary strata are compact and crystalline ; in the secondeiy 
they are less compact, lose their crystalline appearance, and 
hecome sandstones of various degrees of fineness ; in the ter- 
tiary they are often BO soft in their texture as to be called 
sands ; while in the superficial they are merely loose accnma- 
latioDS of sand and gravel. So it is with the argillaceous 
rocks — from the compact and glistening clay-slatea of the 
primary, through the slaty shales of the secondary, and the 
laminated clays of the tertiary roclcs, up to the soft plastic 
days of our alluvial valleys. As with the siliceous and 
Bigillaceous, so with calcareous and carboniferous ; hence a 
table may be formed exhibiting these gradations : — 



SHiceom. 


ArffSaceous. 


Calcarmait 




Sand, 
Quartz Rook. 


AUuvial Ctay, 
Laminated Clay, 
Slaty Shale, 
aay-Slate. 


ChJlk, 
Limestflne, 
CryBtalline Marble. 


LilSte, 
Brawn Cosi, 
Comm™ CoaL 



Thus, as we descend into the crust, the mineral ingredients of 
the stratified rocks assume different degrees of aggr^ation, 
gradually becoming harder and more compact, till ultimately 
they prescDt a crystalline texture scarcely distinguishable 
firom the granitic basis. 

141, The composition of the primary strata, like that of 
the granite on wliieh they rest, is often modified by the pre- 
■ ■ ■' igh felBpfl 








and ine aoimcumce'oiiTagroentea inica gives 
degree of parallelism not to be found in the former. Both, 
however, are frequently seen passing into each other, thus 
rendering it difficult to distinguish where the one system ends 
and the other begins. Passing over these dubious strata, the 
mica schist system is composed of alteiiiations of mica schist, 
talcose schist, chlorite scnist, hornblende schist, quartz roc;^, 
primitive or crystalline limestone, with occasional beds of 
clay-slate in the upper part of the system. Independently of 
their stratification, the mica schist rocks distinctly indicate, 
by their texture, that they have been formed by the action 
of water. The particles of which they are composed are 
more broken and rounded than those of gneiss — a circumstance 
arising from the fact, that they were partly derived from 
granite and partly from gneiss, which must thus have under- 
gone a double process of attrition. The following engravings 
are intended to represent the external appearance of granite, 
gneiss, and mica schist — the first composed of distinct crystals, 
and showing no traces of lamination ; the second irregularly 
laminated ; and the third finely and regularly laminated. 





Granite. Gneiss. Mica Bchist. 

143. Gneiss and mica schist differ little from granite, and 
still less from one another, in their mineral composition ; 
showing clearly that it is chiefly in the degree of attrition 
which the original minerals have undergone, that their external 
differences consist : — 

Granite— of felspar, quartz, and mica ; felspar, quartz, hornblende ; 
felspar and hornblende ; or it may be of various combinations of these 
simple minerals. 

Gneiss — of felspar, quartz, and mica ; occasionally with hornblende 
and garnets in it. 

Mica schist— of mica and quartz, with hornblende and garnets con- 
tained in it. 

Talcose schist— of talc and quartz, and differs only in this respect 
from mica schist. 

Ohloritb schist — of chlorite and quartz. 

Hornblende schist — of quartz and hornblende, occasionally with 
actynolite. 

Quartz rock generally contains hornblende or mica irregularly im- 
bedded in it. 

The particles of the primary strata are indefinite both «a ^ 
alze and arrangement — some are fine and eloae-^o^^^) oKXssc^ 
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are conglometata and coarw ; but all bear evident traces of 
their aqoeoua origin. 

144. Thtre U nothing like a regular order of tuecAirion 
among the primary strata. It may be stated generally, how- 
ever, that gneiss nnderlies the mica schist ; that mica and other 
crystalline schistB are the lowest in the system ; and that 
quartz rock, primitive limestone, and clay schiat, make their 
appearance towards the upper part of the series. Stratification 
is sometimes obecare, and not very persistent ; tltat ia, any one 
etrstnm is not found stretching over a great extent of conntiy, 
as is the case with the secondary rocks. A seam of coal wul 
often he found stretching over ten or twelve miles of country, 
without much difference either in quality or thickness ; hut 
in the primary systems, the strata thicken, thin ont, and dis- 
appear m a very capricious manner. In absence of anything 
like a characteristic section, the followiDe- rocks may be men- 
tioned as constitnting the great bulk of the primary forma- 
tion : — Gneiss, mica scliist,' talc schist, chlorite schist, shorla- 
ceona schist, stea schist, hornblende schist, actynoUte schist, 

Snartz roidc, crystalline limestone, homatone, and protogine. 
East of these rocks pass insensibly info each other, and thus 
many compounds are formed of which the student can only 
obtam a knowledge by the study of actual specimens, 

14fi. No organic remains have yet been discovered in the 
gneUt or mica tchiat systems ; and if life, either in a vegetable 
or animal form, existed at the time these rocks were depo- 
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ttB^ency, would assisfc in producing the crystalline texture ; and 
tnus a variety of schistose rocks might he formed at one and 
the same time. That a high temperature existed during the 
formation of the primary rock^ we have ample evidence, not 
only in their hara and crystalline texture, and in the absence 
ai all organic remains, but in the occurrence of certain 
minerals, such as garnet, whose presence denotes that the 
roeks in which it is found have experienced a degree of heat 
sufficiently high to form such a fusible mineral, but not 
enough to melt the other constituents of which they are 
composed. 

147* The igneous rocks associated with the gneiss and mica 
schist systems are, as may be anticipated, the granitic on which 
they rest, and from which their matermls have been directly 
denved. Sometimes the granite is in immediate contact with 
the gneiss, so much so, as to render it matter of difficulty to 
say where the one ends and the other begins ; at other tunes 
it touches the mica schist, or, it maybe, passes through both in 
the form of dykes and veins. Later igneous rocks, such as 
porphyry, greenstone, and serpentine, are frequently found 
traversing me gneiss and mica schist in dykes and protruding 
masses ; and occasionally, still more recent effusions of trap 
are found passing through the primary strata, with theur 
associated dykes and veins of granite. Metalliferous veins are 
not of frequent occurrence in the primary strata of the British 
isles, thouj^ they are found in those of central and northern 
Europe. Thermal springs are perhaps still more rare, though 
abundant enough in the gneiss and mica schists of other 
countries. 

148. The eatent of country occupied by the primary strata is 
very great, although as yet but imperfectly ascertained. 
They occur abundantly in the Highlands and islands of Scot* 
lana, in the north of Ireland, along the flanks of the Pyrenees^ 
the Alps, the great mountam chains of northern Europe, in 
Asia, m Ceylon, in Africa, and in America^ particularly in 
the Brazils and the United States. 

140. The physical aspect of primitive districts is bold, rugged, 
and unfertile. Thrown into lofty mountains by the granite, 
and into abrupt and vertical positions, it is chiefly among 
gneiss and mica schist that those deep glens ana abrupt 
precipices occur which give the well-known picturesque 
effect to Highland scenery. The student will readily per- 
ceive how this effect is produced, when he considers the 
hardness of the rocks, and the highly vertical and contorted 
positions into which they are thrown ; whereas in secondary 
lormationsy the position is in general flatter, and the stxa»tf!k 



30 soft, that they caniiot present the eame MggeA and abrapt 
appearenco. 

150. The minerals of commerce derived from thete tytlemi 
aie by no meana numerous. Several of the metallic ores, snch 
as tin and copper, occur in reins traversing these atrata. The 
limestones, from their highly ciystalline texture, in general 
prCMluce valuable marbles ; but none of the other rocks are of 
use for architectural purposes. Potatone, or the lapii oUarie 
of the ancients, of which very pretty jats and vases are 
Tuanvfactured, is found in stea schist. Amianthus, or flexible 
asbestus, occurs among the mica achista, and is sometimes used 
in the manufacture of fabrics which are indestructible hy fire. 
The garnet is a well-known precious stone ; and many of the 
most valuable are found in the rocka of this ayatem. 

151. /{ may be itated generally of gneUa and mica tchitl, 
that they are the oldest sedimentary rocks, and rest upon 
masaea which owe their origin to heat ; that they are totally 
different from other stratified rocks, inosnluch as their par- 
ticlea have not undei^one bo much attrition, and likewise ai 
they have been subjected t« a h^her degree of heat ; that 
tiiey are destitute of organic remains, and therefore afford no 
evidence of habitable dry land ; and lastly, that they are 
spread over so great an estent, as to be considered almost 
universal. 

fliLicEons (Lat., sffer, fliDt) — all rocks haTing a ftint; textore are nid ' 
^ - ■ ■ Bilieeoos. Qnarti is the purest form in which silei ocoois. When 
' agprcimlcd " i . .. 
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»ook— In other words, that it may be altered or metamorphosed sedi- 
mentary strata. By this theory all stratified systems may in time 
become metamorphic, so that geology can never hope to arrive at any- 
thing like a continuojos history of the globe from its origin upwards-- 
the older strata and their remains being thus successively obliterated. 
This theory, however, has not been generally adopted, and, from the 
plahi evidences which most strata afford of their formation, it is not 
ukely to be so. 



CLAY-SLATE, GRAUWACKE, AND SILURIAN SYSTEMS. 

152. It has been stated that the four great types of all stra- 
tified rocks are siliceous, argillaceous, calcareous, and carbo- 
niferous ; and that, in genertu, each system is characterised by 
some preyailing type. The gneiss and mica schists have been 
described as eminently siliceous : we shall now learn that in 
the day-slate, g^uwacke, and silurian systems, argillaceous 
eompounds prevail — almost wholly so in the first system, 
mingled with arenaceous strata in the second, and with cal- 
careous and arenaceous beds in the third. 

153. The clay-slate system presents a vast thickness of fine- 
grained fissile argillaceous rock, of considerable hardness, 
varying in colour, and of glistening aspect. The prevalent 
colours of slate are black, green, bluish, purplish, and mottled ; 
som^Vtfirieties being' hard and splintery, others soft and per- 
ishable. The character of any particular slate is, hbwevier, very 
persistent ;' the accidental or imbedded minerals are few — 
these being chiefly cubic-iron pyrites, and crystals of chlasto- 
lite and hornblende. 

154. The composition of the grauwacke is much more varied 
flCnd it^^^cAdr. ^Aiarsandstone may be said to be consolidated 
sand, and conglomerate consolidated gravel, so may grau- 
wacke be defined to be an aggregate of clay, grains of quartz, 
felspar, and mica, with fragments of jasper and other mine- 
rals. The cementing material is clay, which often con- 
stitutes the greater portion of the rock, and in such cases 
the texture difiers little from that of clay-slate ; but in 
many strata fragmentary ingredients prevail, so that the 
texture varies in fineness from that of a coarse slate to a con- 
glomerate of pebbles more than an inch in diameter. Like 
clay-slate, grauwacke presents various degrees of hardness, 
though, generally speaking, it may be described as a highly 
indurated conglomerate— indicating most clearly its origin 
from the waste of earlier siliceous and argillaceous forma- 
tions. Associated with the slates and grauwackes are occa- 
sionaL beds of concretionary limestone, which ^aitakft ^i ^Xia 

P 



i 



argillaceons character of the rocks with which they aie aaso- 

IBS. In tlie lilurian tyriem, limestones occur more fre- 
quently, so that the calcareous type, or, at all events, an, inti- 
mate blending of argiUaceona and calcareoue compounds, may 
he eatd to prevail. Until; a recent period, this system was 
considered as a portion of the grauwacke group, and as markinK 
its passage into the gray micaceous beds of the old red sand- 
stone. Merely looking at cabinet specimens, it would be it 



distinguishable. In the first place, their sedimentary i 
racter is very marked ; they present more rapid alternations 
jfiom one kind of strata to another ; they have undergone 
fewer changes by heat ; and are generally looser and more 
earthy in their texture. The limestones are less cryatalline 
than those of the early grauwackea ; the arenaceous neds are 
also less siliceous, and more closely resemble ordinaty sand- 
stones, while the abundance of organic remains justifies their 
arrangement into a separate system. 

1C6. From this description of these systems, it will be seen 
that their main type is argillaceous; eminently so in the day- 
slates ; abundantly enough in the grauwackea, which pass, in 
texture, from slate to a coarse quartzose conglomerate ; and 
perceptibly in the Silurian limestones, which are all of a, dark 
argillaceous character. It is also worthy of notice, that the 
crystalline aspect which characterised the Primary Bocks 
disappears with the day-slates, and gradually passes into an 
earthy or arenaceous texture in the grauwocke and silurian. 
It is tiuc timt sijme of the lower sliites have a gliatening 
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ture very distinctly marked in the clay-slates ; it is only in 
the grauwacke and silurian that this is decided. Lamiruh 
Hon may he said to prevail in the rocks of fine texture, and 
stratification in those of an arenaceous or calcareous character. 
The laminated structure of grauwacke is, however, of a difiFe- 
rent character ti-om lamination in clay-slate ; in the former it 
18 the result of deposition, in the latter it is the effect of a sub- 
sequent change which the rock has undergone, called cleavage, 
158. Cleavage differs from ordinary lamination in tliis re- 
spect, that it causes clay-slate to split up into thin plates at 
right angles, or nearly so, to the bed of stratification ; while lami* 
nation simply implies that any stratum can he split up into 
a numher oi thinner layers or lamins. Cleavage occurs in 
several varieties of rock, hut it is most regular and distinct in 
clay-slate ; and it is owing to this structure that the rock has 
the property of heing split up into thin divisions for roofing 
and other purposes. The appearance which cleavage presents 
in the mass is represented heneath, hy the nearly perpendicular 
lines cutting those of stratification at a high angle. How 




Section Exhibiting Lines of Cleavage. 

cleavage has heen produced, is still an undecided prohlem 
among geologists ; tnough it may be stated generally, that it 
seems t» have taken place long after the deposition of the 
strata in which it occurs, and, like crystallisation, to owe its 
origin to the influence either of heat or of electricity, or per- 
haps to both. (See note.) 

169. The succession of strata in the clay-slate, grauwacke, 
and Silurian systems, has not yet heen very clearly ascer- 
tained. In general terms, it may he stated that the lower 
slates partake of a micaceous or homhlendic character ; that 
they become less crystalline as we ascend in the series, and 
are succeeded by finely-laminated grauwacke, with interstra- 
tified limestones. In the grauwacke there is no apparent order 
of succession, although, in most localities, limestones and argil- 
laceous beds prevail in the lower, and grits and conglomerates 
in the upper portion of the system. In the sUurian, order is 
still less obvious ; but, on closer study, it is found that grits 
and grauwacke-looking rocks prevail in the lower portion 
of the system, dark-coloured shales and limestones m the 
middle, and slaty micaceous sandstones in the upper. The fol- 




Kwiiwaefeued BectionNvilI convey to flie sIVident a 'more cor- 
net idea of the order and 



Slightly micEiceoaB thia-bedded sandstone*. 
Gray and blue aipllaoeoua limestonoB. 
Ijver-colaured shale, with canccetioDS of carthf 

limeatone. 
Highly coacretioaary suherystalllne blue and gny 

ihale, with nodulea of 

Bhella, 



Dark-gray ai^llaceon 
earthy limeBtone. 

ThiQ-bodded impure li 
dtenuiting " " 



ely-Umine 

Sandstonee, xnta, and limestones ; atenaoeous 

beds prevading. 
Dark-CDlonred Saga, ehieily calcareous i sand- 

Bionea and sandy schists. 
drauwacke slates and Baudstonee, coarse limo- 

atones, and thiotbedded giauwaoke rocks. 
Dark argillaceous liineskine, with sheila and corals. 
Peouliar slaty and Haggy beds ; mottled in colour ; 

Bometimes coarse and conglomerate, genenllr 

of moderate fineness, altematiag with coloured 

An immense thlckneSB of clay-slate of variooa 
colours — blue, black, grecDiah, purple, or mo^ 
tied { of fine grain, sometimes compact, some- 
times soft and useless. 
ICO. The organic remains of these syateme are possessed of 
more than ordinary interest, froili the fact of their being the 
earliest Ibi-nis of life with which we arc acquainted. In tho 
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obliterated by the agency of heat, geological science has not 
been able to determine; hut at piesent, we are ivaiTantad in 
stating, tbat only a few rare corals and shells occur in the clay* 
filate system ; a greater number of corals, sllells, and Crustacea 
in the grauwacke ; and a variety of corals, shells, Crustacea, 
fish bones, and teeth, in the Silurian.'' So faraa they have been 
examined, all these remains heloug to species long since ex- 
tinct ; indeed, are distinct from those which occur in the 
Secondary Strata, and hear only a generic resemblance (often 
a feint one) to existing races. 

161. From the scuntiness and peculiarity of organic life, it 
is difficult to arrive at any conclusion as to the condition of 
the world at this early period. The existence of shell-fish 
wonld seem to indicate the co-existence of marine plants upon 
which they fed ; and thongh we are aware that molluscous 
animals might prey upon each other, still, the probability is, 
that mai'ine vegetation was to some extent spread over tha 
bottom of the transition seas. The preponderance of coral- 
like animalfl points to a warm and favourable condition of the 
waters for their development ; and It may be that this highly 
heated condition entirely prevented the growth of terrestrial 
plants, and rendered even those of marine growth of so rare 
Dccurrence. Be this aa it may, we are only certiun of several 
■ species of Zoophytes, Mollusea, and Crustacea In the clay-slata 
and BiBuwacke rocks— among which the most characteristic 
are mosa exliibited in the following group : — 







/\ >5'^l« "^'^^^Ti^ foasiC of fKe'siiuWan'gysiem are'nmab 
'^ ^^ ^.Jrdatit ; there are a greater number of species belonging to each. 
j^^l^V^ genus ; annnlosa, Crustacea, and fishes, are decided ; and, ac- 
* tife' co'^'J'ig to many geologists, plants allied to the algs (sas- 
>.*5j"^ weedsjjthe equisetacei (horse-tails), filices (fems),and others, 
^.ij^ make their appearance. Passing over tlie remains of plants 
^ ^^ and true vertebrated fishea, about the existence of which at 
g ( ( f this period there is still gres.t obscurity, we shall notice some 
4$ f ^ of the ascertained peculiarities of the radiala, mollnBca, aad, 
'^ ' " articulata belonging to the Transition era. i>tf^"fj^f"^^ 
P ^ *^ 163. The waters of the Hlurian period seem to nave beca 






crowded in some localities with aooph3^ea and corals, for c 
tarn limestones are as much composed of their remains as a 
coral reef is of recent corals. Among the radiata, the crinoid 
or enerinite family occur for the first time, these differing 
from other corals (see par. 300) in the self-dependent nature 
of their stmcture, their fixed articnlated stalk, and floating 
stomach furnished with movable rays for the seizure and 
retention of their food. The ahell-fish also become more nu- 
,, .^1. , meroua and distinct in form ; ajnrifeTir, tsrebratults, and pro- 
\ - •! (iuc(tp, are every where abundant ; and chambered shetU, like 
I '"^^ the existing nautilus, begin to people the waters. It must 
K^^^ be remarked, however, tliat the encrinites and chambered 
■3" 1^-1 shells of this early period are not so numerous, so gigantic, or 
■B'Ls1"\ so ^rfecl in their forms, as those of the Secondary Strata ; it 
% Jo^S is m the mountain limestone group that the cringidea attain 
'■ 03^ their meridian, and in the lias and oolite that the ammonitet 
"' ' "■ fully developed. Of the c 




tile ndes of each wonld have been useless, aa it conld only'^f ai, 
' ' n of the other; but on the imier ^;Aa 



with a principle obaervable thronghoiit nature, be thrown S^'^ 
awBf. It ia found that in the terolir, a anrriving kindred ^£ %' 
genua, the eyes are constnicted on exactly the same principle, SJlX^' 
«zcept that they axe not bo high — a necessary differeuce, as ^ >, ^ 




the back of the serolis is lower, and presents less obstmc- , ,. 
tion to the creature's vision. This little organ of » trivial * ^ 
little animal carries to living man the certain knowledge ^V 
that, many ages ago, the air he breathes, and the light by N* 
which he sees, were the same as at this hour, and that the 7'^ 
sea must have been in general as pure ss it ia now. If the > J> 
water had been constantly turbid or chaotic, a weat-osft 4s*- ^k 
-nV*f ' <yn«Y v.uH.Wr % Jnl.bVra - . f-'"'. ^^ ^-IJ" ^^ Co.lwm- S' 
-•*»*«*» rTlrully ^(' Si'tun.i. Vff<t<* ■X\o t»*"'«'a ■"•*>" -'*'-t^ 



tilled to live at the bottom of the sea would have had no use 
for such dehcate visual organs. " With regard to the Btmo~ 
sphere," says Dr Buckland, " we infer that, had it di£Fered 
niaterLtUy from its actual condition, it might have so far 
affected the raya of light, that a corresponding difference from. 
the eyes of existing crustaceans would have been found in the 
organs ou which the impressions of such rays were then 
received. Regarding light itself also, we learn, from the 
resemblance of these most ancient organisations to existing 
eyes, that the mutual relations of light to the eye, and m 
the eye to liclit, vfcre the same at the time when crustaceans 
endowed with the faculty of vision were placed at the bottom 
of the primeval seas, as at the present moment." 

164. The animals of this early period, like tbote nme erisfinji, 
were parity kerbivoroas (liolng on plants), and partly caraivo- 
roui {living on thejlesh of others). The polypes and crinoidea, 
it is true, merely secreted limy matter from the waters of the 
ocean wherewith to build their calcareous structures ; but 
while certain tribes of shell-fish were living on the eea-weeds 
which flourished along the shores, other races were preying 
upon these, or upon each other. Among the vegetable eaters 
were tile products, terebratule, &c. ; the ammonites and 
trilobites were those which lived upon others. 
, 165. That the transition strata have been derived partly from 
the disintegrated materials of tlie gneiss and mica schists, and 
partly from the granite, is abundantly obvious. In the gneiss 
"" " ;a schists, the primitive crystiila of tlie granite in many 
' ' - --[lergonc little attrition, and in most cases only 
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the sQarian implies the agency of the coral animal, precisely 
similar to that now going forward in the Pacific. Here, then, 
we have a condition of the world with hills and valleys, 
liveis and seas — ^the atmospheric agents acting upon the clifiB 
and precipices ; the aqueous also degrading the rocks, tran- 
sportme tne material, and depositing it along the shores of 
seas, whose waters gave hirth to coi'ds, shell-fish, and fishes. 
Fine clayey silt formed clay-slate ; sand and other mud slaty 
sandstones ; gravel grauwacke conglomerate ; and coral polypes 
beds and reefs of limestone. We have no evidence of terres- 
trial life ; and the necessary inference is, that the conditions 
of the world did not then permit of its being called into 
existence. 

166. The igneous rocks associated with the transition series 
are granite, sei'pentine, porphyry, greenstone, varieties of 
trap, and mineral veins. Indeed there is scarcely a develop- 
ment of the clay-slate or grauwacke systems without asso- 
ciated granitic rocks ; and the greater portion of the silurian 
strata are thrown into inclined and contorted positions by the 
same agency, while effusions of trap make their appearance 
among the latter strata. Perhaps the most extensive and 
gigantic efforts of volcanic power were exhibited at the close 
of this period ; and there is abundant proof that all the prin- 
cipal mountain chains in the world were then upheaved. 
Tne Grampian and Welch ranges, the Pyrenees, {lartz moun- 
tains, Domifelds, Uralian, Uimmaleh, Atlas range. Moun- 
tains of the Moon, and other African ridges, the Andes, and 
Alleghanies, all seem to have received theu* present elevation at 
the close of the transition period. From this fact, the student 
will more readily perceive how the primary and transition 
strata should be thrown into highly inclined and contorted 
positions ; how they should be traversed by so many dykes 
and mineral veins ; and how slaty cleavage, and other altera- 
tions by heat, should have taken place. 

167. The extent of country over which the clay-slate, grau- 
wackCy and silurian systems are spread, must be sufficiently 
indicated by the mention of the principal mountain ranges 
in the world, from whose sides and fianks their strata slope 
away for many leagues on either side. 

168, The geographical features of transition districts are 
bold and mount^ous, and are well illustrated by the charac- 
teristic scenery of Wales, the Cumberland Lakes, and the 
Scottish Highlands. " Supported by granite," says Professor 
Phillips, " and mixed with igneous masses, the slaty rocks of 
the English lakes rise to more than 3000 feet in height, and 
present a variety of outline, and intricacy of Gombin&ilQ\^ 



<m1f^^ if i^MtfiiJ niaU'a. /Tfrraf/fr /mtfr^ Of* 

gtvrtil.; fftfai,. flBr/tAir'(fa,^y'"'m'^f"/t^, ff^" nf*r /Af- 
-which, in connexion with clear lakes and condderable 
wateriiUs, leave to Switzerland little saperiority," This 
grandeur, intricacy, and variety of aspect can be readily 
accounted for, when we consider the height to which these 
strata have been elevated, the vertical positions into which 
they are thrown, and the irregularity of their compontion, 
which allows them to be scooped out and worn dovra to a 
thousand forms — here craggy and splintery, there sinking, or 
rather cleft into fearful gorges and ruvines. 

169. The economic usa to which the minerals of tbcM 
systems are applied are numerous and important. From the 
clay-slate are derived roofing-slate, writing-slate, and a variety 
of slates for ornamental and other purposes. Flagstones and 
pavement are obtained from the grauwacke and Silurian beds, 
and several ornamental marbles from the limestone of the 
same systems. But the mere rock minerals are of little value 
in comparison with the metallic veins found in these strata, 
*-f Tin, lead, copper, silver, gold, and other metals, are found 
abundantly in the veins which traverse the clay-slate ; indeed 
they form in Britain, as well oa in other countries, the prin* 
cipal metalliferous rocks, with the exception of the lead and 
ironstone, of the carboniferous system. 

mrt\«<!<iv/'^-''^ EXPLABiLTOllY NOTE, ^'■f^""''*-'' ''«>**«-' 
^fAlffti, ^S^ tf/ fiirrt.trtr'tit/xisfrtff'' If m '/Hf/f/fir CO'*4/»ff, 

Gaiitwicee — a Getmui miner^ tenn, rijmil^nK S"i9 md ,- adopted 
Ingenlog^to ■ ■ ■ ■' ■ . . . < .^ i . . 
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Gam — hard landstone, in which the grain« of quartz are sharp and 
mnsnlar, are teohnfoally called ^rcte, as millstone-grit, grindstone-grit, &o. 

CuEATAOE. — ^The peouliaritiea of this structure have g^ven rise to 
many speculations and experiments. Mr R. W. Fox submitted a mass 
of moist clay, worked up with acidulated water, to a weak electric 
action for several months ; atad it was found at the end of that time 
to present traces of deayage, the lamime being at right angles to the 
electric forces. Others are of opinion that cleavage is superinduced, 
when considerable ^emical action takes place in any finely pulverised 
substance as clay— cleavage being thus regarded as a species of rude 
crystidlisation. Another class of theorists, from observing tliat slaty 
cleavage occurs among the shales of the coal measures, when these are 
hi the neighbourhood of igneous rocks, attribute the structure to heat 
It is not unlikely that all these causes may have been concerned in 
prodncing cleavage ; for, when better understood, it is more than pro- 
Dable that heat, electricity, and chemical action, are only modifications 
of one universaliagency. 

OLD RED SANDSTONE SYSTEM. 

170. Until a comparatively recent period, geologists were 
accustomed to consider gneiss, mica schist, clay-slate, and old 
red sandstone, as sufficiently distinctive of all the stratified 
systems which lay underneath the coal measures. We have . 
seen, however, that, in point of mineral composition, as well as 
in organic remains, the clay-slate differs essentially from the 
^uwacke ; and that grauwacke, as we ascend, begins to lose 
its arenaceous character, and to be succeeded by a series of 
argillaceous and calcareous beds more prolific in fossils, and in 
the mass perceptibly different. To this series of strata Mr 
Murchison applied the term Silurian system — a system which 
may be said to partake of the character of the grauwacke beds 
beneath, as it msensibly passes into the gray micaceous flag- 
stones of the old red sandstone above.' The student must not^ 
however, suppose that all these systems are to be met with 
fully developed in every country; all that the science of 
geology affirms is, that, when they are present, the above is 
their order of occurrence, and the general aspect and character 
they assume. Sometimes, indeed, the clay-slate is represented 
by a few indistinct argillaceous beds ; and in many places it is 
difficult to discover anything like a well-defined series of strata 
corresponding to the Silurian rocks of Mr Murchison ; bift, 
generally speaking, there is always some shade of distinction, 
either in mineral or fossil character, which enables us to trace 
the gradation of these successive systems. Whatever difficulty 
may be experienced in ascertaining the presence and limite 
of the grauwacke and silurian systems, there is seldom any 
doubt as to the old red sandstone, which, in the British island^ 
is one of the most clearly developed of rock formatioiifl. 



i^Ti 






82 OBOLoaT. 

171. The compotition of the old red sandstone, as indicated 
by the name, is chiefly arenaceous, presenting a succeauon of 
sandatoDes alternating with subordinate layers of sandv shale. 
The sandstones pass, in fineness, troni close-Krained fissile flags 
to thick beds of conglomerate, the latter being composed of 
pebbles from the size of a hazel-nut to that of a maire head. 
The whole system is tinged with the peroxide of iron, the 
colours ranging from a dark mety gray to brick -red, and from 
a mottled purple and fawn shade to a cream-yellow. The 
mottled aspect is principally found in the shales which, from 
their sandy character, may be regarded as imperfect sand' 
Btones. There are also soma calcareous beds in the system, 
but these are not regularly developed, and are alt ailiceons and 
concretionary in their composition and texture. From their 
impure and concretionary aspect, they are generally known 
by the name of cornsloties, and ai'c of little or no use as lime- 
stones. Taken in the mass, the composition of this system ia 
sufficiently indicated by the term old red sandilone — the 
epithet "old" being applied to distinguish it from another 
aeries of red sandstones which occurs above the coal meaenres, 
and is ueually designated the new red sanditane. 

172. The order of succession among the old red sandelont 
strata varies considerahly in different localities. It has been 
stated that the prevailing mineral clmracters are — flne-grained 
red sandstones, including detached pebbles ; beds of coame 
conglomerate ; fine-grained fissile micaceous beds of a gray 
colour, locally called tilestoncs and flagstones ; layers of 
mottled shales; and strata of yellow sandstone. Now, although. 
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The preceding synopsis represents the usual order of the 
system as it occurs in Scotland. All of these groups are well 
marked in the field ; and when treated not as distinct systems, 
but as portions of one ^eat system, materially aid the in^ 
vestigations of the geologist. 

173. The organic remains of the system^ if not so numerous as 
those of the grauwacke beneath, or the carboniferous measures 
above, are at least equally interesting, on account of their 
peculiarities and adaptation to the conditions under which 
they were destined to exist. The remains of plants are few 
and indistinct ; but are apparently allied to those found in the 
true Silurian rocks. In the tilestone group have been found 
impressions of ferns, equisetacese, leaves resembling those of 
the flag and flowering rush, and cu'cular markings like the 
floral envelopes or berries of some shrubby plant. Most of 
these are highly carbonised and broken, as if drifted from a 
distance by water, and deposited among the sandy material in 
which they are now imbedded. A few carbonaceous layers 
occur among the schistose beds; but vegetable matter no- 
where abounds in sufficient quantity to form bituminous layers 
or thin seams of coal. Taken as a whole, the old red sand- 
stone system is particularly barren of vegetable remains, and 
seems to evince a condition of the earth which did not permit 
of the growth of plants unless in detached and limited areas ; 
these plants being by no means high in the scale of vegetable 
organisation. Its animal remains are more abundant and 
distinct ; but present little variety — the prevailing types being 
marine fishes of simple but curious structure. 

174. The fossil fishes, or ichthyolites, of the old red sandstone^ 
present the first distinct trace of the existence of the highest 
division of the animal kingdom ; namely, vertebrata. It must 
be remarked, however, that the earliest genera are not of the 
most perfect structure ; but form, as it were, a link between 
the humbler Crustacea and fully -developed fishes. The 
cephalaspis, coccosteus, and ptericthys, represented in the fol- 
lowing engraving, are the most prominent types of these 
cru£tacean-like families. The cephalaspis, in general figure, 
resembles the asaphus of the silurian rocks, is covered with 
bony plates, and takes its name from the buckler-shape of its 
head (Gr., kephale, the head, and aspis, a buckler). The 
coccosteus is also enveloped in a bony covering, is furnished 
with a tail for locomotion, and takes its name fi'om the berry- 
like tubercles which dot its plates (Gr., kokkos, a berry, and 
osteon, a bone). The ptericthys has the same kind of covering 
or external skeleton ; but its distinguishing feature is a pair 
of wing-like appendages, which seem not only to have aided 
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in locomotion, but to have rewed defensively when attacked. 
It takes its name from these appendages (Gr., pteron, a ying, 
and iehthifs, a, fish), and is one of the most abundant fossils ui 
this formation — being as dtsractemtic of the old led sandstone 
-. — , — - — r — — ,. ■- — .. -Tiatfel-^t <ho.K», 







3. PlsrioUiTi. 



SB the (lilobite was of the ^urian rocks. In tbe hohptyektut 
(figured below), and some others, this bony covering prevails ; 
but it is fonned of a greatev number of pLit" ■=•—'- '—• 
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xanoed, so as to join or overlap each other. This structure is 
well illustrated by the ostealepis (Gr., osteon, a bone, and lepis^ 
a scale), which presents the form of a perfect fish furnished 
with pectoral, aodominal, and caudal fins. In the osteolepis 
(see figure) the bony scales are placed alongside each other 
£ke the bricks in a building ; calculated at once to afford a 
stronff protection to the internal parts, and to ^ield to the 
bendings of the body while in motion. In the previous forms of 



igsoi 
fiife, 



animaTlife, the organs of motion are but imperfectly developed ; 




Osteolepis. 

but in the osteolepis a great advance is exhibited, its fins, tail, 
and elongated form of body being such as to combine strength 
with agifity. Some families of these early fishes are furnished 
with spiny fins, or are otherwise armed with detached spines 
from two to five inches in length, and which are known to 
geologists by the name of ichthyodorulites (Gr., ichthys, a fish, 
doruy a spear, and lithos, a stone). In all of them the tail is 
unequally lobed, like that of the shark — a character which 
distinguishes cartilaginous from osseous fishes; the shark, 
dog-fish, stuigeon, &c. belonging to the former, the cod her- 
ring, salmon, &c. to the latter division. (Par. 181.) 

175. From what we have seen of the fossil flora and fauna 
of this system, they seem to indicate a condition of life higher 
in point of development than that which existed during the 
deposition of the grauwacke and silurian rocks. The cephalas- 
pis, coccosteus, and ptericthys, are successive advances upon 
the simply organised asaphus ; and the holoptychius, osteole- 
pis, and glyptolepis, belong to orders still more fully de- 
veloped than the ptericthys. But while this advance in the 
scale of organisation took place, some peculiarity in the waters 
of the ocean, or other condition, seems to have prevented the 
increase of previously existing orders ; for in none of the beds 
of the old red sandstone do we find the corals, shell-fish, and 
Crustacea of the silurian system. It is true that in the lower, 
or flagstone series, remains of crustaceans have been discovered ; 
but in such an imperfect state, that it is impoadble to decide 
what analogy they bear to those of the siiurian limestones. 



Again, the vegetation which eKisted during the formatioo of 
the grauwacke rocka Beems to have vanished almost entirely 
while the deposition of the old red sandstone was going for- 
ward ; for, unless at a tew detached points, do we find buj- 
thing like a vegetable organism throughout the whole mass 
of the formation. 

176. The conditiona of the world during the deposition of <ft« 
eld red landilone are hut imperfectly indicated hy the fiMHil 
organisms to which we have adverted. Flanking the primarj* 
and transition hills, the olil red sandstone is eminently a 
littoral deposit, tlie lower or gray micaceous series evincing 
sediment m calm water, the sandstone and conglomerate 
beds the action of currents and other aqueous agitation, and 
the yellow beds a recurrence of calm deposition. Many of 
the strata present the rippk mark of the tide as perfect as tliat 
now to be traced on the sands of the existing snore ; and the 
conglomerate throughout its entire compoution points to 
causes analogous to Uiose by which the gravel-beaches of the 
present day are collected. The colouring matter {peroxide of 
u:on} of the fbrmation shows that the waters must have been 
Impregnated with mineral solution, so as to be deleterious to 
animal life ; and it is a curious corroboration of this fact, that 
the fossil fishes are moat abundantly found in the flagstone 
and yellow sandstone eeries — the strata least coloured by tha 
metallic impregnation. Whence the metalUc oxide was ob- 
tained by which the formation is more or less tinged through- 
out, is a matter of hypothesis among geologists; but that 
opinion which ascribes it to volcanic origin is the most com- 
monly entertained, and Indeed tlie only one which seems 
ailequate to account fiJr tlic plitiioiiipntjii. If, theu, the old 
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said to haye passed away, and to have been succeeded by that 
of the trap — an era which produced more complicated dis- 
placements and contortions oi the stratified rocks, though less 
«xtensiye and gigantic elevations. In Scotland, the Gram- 
pians belong to the ibrmer era, the Ochils to the latter ; two 
ranges which, even to the untutored eye, present so many 
points of dissimilarity both in their external contour and in- 
ternal composition, as at once to be ascribed to different eras. 
The yolcanic forces which were smouldering throughout the 
whole formation of the old sandstone, seem, at the conclusion 
of the deposit, to have spent themselves in one gigantic 
jMiroxysm, and to have upheaved the newly-consolidated strata 
mto mountain ridges of extreme irregularity, along whose 
flanks, as they extended seaward, were deposited unconform- 
My the strata of the succeeding formation. 

178. The extent of country occupied by the old red sandstone 
is very great^ owing, in many instances, to the flat position of 
the strata, which thus cover a larger amount of surface than 
they would have done had they been highly inclined like 
the primary formations. All the members of the series are 
widely developed in Scotland ; the lower portions occur be- 
tween England and Wales, in Ireland, and in Germany ; the 
middle portions occupy extensive areas in Russia and the 
flats of Central Europe, in Siberia and Tartary, and flank also 
the southern Himmtdehs ; and different members of the sys- 
tem occur in various districts of North and South America, as 
well as in Central Africa. 

179. The geographical features of red sandstone districts are 
in general varied and irregular ; the hills being less bold and 
precipitous than those of primary formations, and more lofty 
and undulating than those of any subsequent period. Where 
the strata lie flat, and comparatively unbroken, the scenery 
is rather uninteresting ; but the soil is light and fertile, being 
based on sand, gravel, or reddish clay, composed of the debris 
of the formation. On the other hand, the mountains of the 
old red sandstone exhibit great diversity of scenery : rising in 
easy undulations, sinking and swelling in every direction, yet 
preserving a common continuity of range, they present in the 
chain a succession of rounded heights and cones ; but in the 
mass, an irregular surface of hills and valleys, glens and re- 
cesses, of great beauty and amenity. The Ochils and Sidlaws, 
in Scotland, with their intervening valleys, belong exclusively 
to this formation, and may be taken as the type of its phy- 
sical features. 

180. The minerals of commerce derived from the old red 
sandstone are comparatively few. Fi-om the lower group of 

G 



beds are obtained those tbin schists of gray micaceoog sutd- 

stone BO generally employed in foot-parementa, in rooSas; and 
in floariug ; hence the tenna liieslons and jlagttone. From 
the superior red and yellow groups, building-stones of Tariona 
quality are obtained ; hat none of these are of great beauty or 
dnrability. The claystone, porphyries, sud felsparB, are ex- 
ceedingly durable ; but are seldom used by the builder, owing 
to the difficulty of hewing them into form. From the trw, 
some of the best material for raacadamising is obtained in the 
lowlands of Scotland ; while among the debris of the some 
nocks, the lapidary finds many geodes of the finest chalce- 
donies^ agates, jaspers, and camellauB. 

«««iA.oS(Vittfc^, CL.SSmCiTIO« OP FOSSIL PISHES 

181. Before proceeding with oui description of the succeed- 
ing formations, it will be necessary to advert to the syatem of 
classification which has been adopted in reference ta fossil 
fishes, inasmnch as it differs from that which Cuvier applied 
to existing races. This celebrated naturalist collected the whole 
number ot species into two groups, according to the nature of 
the skeleton and the hard parts— one group embracing the 
OEaEous, or bony, and the other the Castilaoinoits fishes. The 
former group he Airther separated into two orders — the Acan- 
thopten/gian, or thomy-finned, and the Malacopterygian, or 
Ron-filmed. This method, howcTer, does not meet the wante of 
the geologist, because the skeleton is seldom or ever found in 
such a state as to answer the purposes of clasdfication. Fossil 
scales, teeth, spines, and fragments of fiahea, are found in ahun- 




ti))!' w B sketch of the prmcipol utviBions and BQhiuTisionB 
proposed by M. Ag^ :— .^.^^ „^.^^,„ .*,. —rtm-J 

•i^^^^^?=^-''k-'«»-i — »^«™ ^**- *^^^^ 

1. E^iaoiDiAMS (Or., gaimi, Bplendonr, from the bright Hiifaoo of tldr 
aumel). — The flshCB of tliie ordor atv covvnA with anjnitiir scalci, 
oompoud mtamally of bono, and coat«il with eiuiuicL Tlie Kalcl 
■TO r^iiiir^^ maniiBd, anil vntircly cnvcr thv bldu. Tlic niuold 
flih, or thoH! which, from the atmcturo ot their tiHrtb nnd other 
pBcmU^tie*, appro xiamtc to n:ptilpii, nro aniongflt the ino§t intc- 
rntinft of this onlBr. Nparl]' bJI tho Riwci™ rrferrod to K am 
extinct ; the itumtam, and bony-piia of the North AmcriiBa lakea, 
j are tlTing exampTeB. 

(8. Plicoidiaxb (Gr,, ^^ a brand pinic). — Fishca of this order hava 
tlhrir Hkin mverea imffMiar/t/ witli plates of cnAJueL, ofleii of coi>- 
lUenUs dimcDalom, teit ■ometime» reduced to nnaU pohits, like 
Hm Aagiam od tbc din of the aharii, and the priekly tuberolM 
«ftlwiV< It oomiMhaKhi all the enTtilngiooiu fioheB (lilanb ud 
I **P')> *™ii "t^ excqitiaa cf the Bturgton. . ^ C .l v. ' 

i w.*. «... rt,.««i,M-^>t'"''S^'*'''^''-'*^*=''-f "*"""' ' 

I 3. OtebOiduns (Gr., ite!s, aenitite i-Zfuos, a comh).— aenoid fishes 

I hkTB their icalefl of a horny or "- ^^ " - ■ 

\ >med like the teeth of a com 

«nd many other ciiBting genera, 

but f^ flMril ftirma 



T other liOBB on the 



upper «»mee. The *. 
icii, along with the f( 



Inolndei almost the whole nimibci of existing gpcciei. . i 

Such are tiw divisions proposed by M. AgBssiz, and n 



veraolly adopted hy geologists, luthough it is not nnlikelr 
that a more perfect aystenk may soon he propounded, which 
will embrace in one eat^ory both fossil and existing species. 
The Babjoined engmvini; more aummorily represents the fonr 
ordan of ac^ea a^ve alluded to : — < , 




I.OaDoUj JLPtaaiild: 3, Ctonold.: uid,4. Cycloid, BcBlea. . . f, 
183. Each of Ouae irrderi cotitaiiu Mk bony and earlUor 
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jlinaiu fishei. The representatives of each prevailed iifSifferent 
proportions durin? different epoclia ; the two first (enameled 
Bcalea] existed before the commencement of the chalk system ; 
the third and fourth orden, which contain nearly fiTe-stxtha 



become extinct. Another remarkable clrcarastance observed 
by M. Asassiz is, that all, or nearly all, the fossil fishes found 
in strata beneath the magnesian limestone are heterocercal, that 
ia, have their tmls uTieguatiy bilobate (see hg.}, like the shark, 
Htnrgeon, lepidoateus, &c. ; while tms form of ImI is rarely 
found in the oohte and snpeiior atiata. Among existing fishes, 




the tail, or caudal fin, is generally equally bilobate, as in the 
trout ; OT single and rounded, as in the wrasse ; but seldom 
"heterocercal. This tatter form is produced by a remarkable 

prolongation of the vertebric, ivhich beitrr " -•■■■'-■ — — 
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oat and poUabed, they resemble a section Qf"4 plum-pudding ; hence 
tiie term puddi^^tione, ••*•.* 

POKPHYRY (Gr., ^phyra, purple). — ^Tliis term was originally applied 
to a reddish unstratificd rock found in Egypt, and 2^<1 hy the ancients 
for statuary purposes. It is now employed by ^eoicj^sts to denote a 
xeddith iffneons rock containing imbedded crystals 'o£ felspar ; and all 
zocks (^matever their colour) which contain imbedded' crystals dis- 
tinct frcua their mass, are said to be porphyritic. We hjire ^hus felspar 
porphyry, porphyritic granite, and porph>Titic greenstone* ,-^ 

i^YGDALOiD (Gr., amyffdalon, an almond, and eidos, a fo.m^-^almond- 
shaped. The term is applied to certain trap rocks in whicl^ other 
miiuerals are ooeasionally imbedded like almonds in a cdlkc. - Some 
varieties of amygdaloid are locally termed toadrstoneSf from {lie resem- 
blance which their colour and markings bear to that of a toad^s skin: * 

Geodes (Gr., ffeodes, earthy) — a term applied to rounded pebbles 
baTinff an internal cavity lined with crystals ; also to roundcc[ mt 
nodular pebbles themselves ; and to nodules of ironstone hollow ii> 
thoMotze. w" 



CARBONIFEROUS SYSTEM. 

184. At the close of the Old Ked Sandstone period the 
earth seems to have undergone an almost total change in its 
geological conditions. The red sandstones and gravelly con- 
glomerates which had been formed along the shores and bot- 
tom of the sea, were upheaved into dry land ; thus adding to 
the extent of land previously existing:, and gradually circum- 
scribing the limits of the ocean in which subsequent deposits 
were to take place. As disintegrated granite furnished the 
felspar, quartz, and mica of the gneiss and mica schist, and as 
from tiiese, again, were obtained the materials of the clay- 
slate, grauwacke, and silurian rocks, so from all these, to- 
gether with the newly upheaved red sandstone, were derived 
the material of the succeeding formation. These successive 
attritions would reduce quartz to sand of various fineness, fel- 
spar to loose impalpable clay, mica from large plates to minute 
scales, and crystalline limestone to a dully powdery consis- 
tence. The rocks formed of these ingredients would necessarily 
present a less compact texture; and thus it is in the Car- 
Doniferons System that the sandstones are more arenaceous, 
the shales soft and earthy, and the limestones non-crystalline 
and often impure. Besides the sandstone, clay, and limestone, 
two new rock substances make their appearance among the 
strata of this system, namely, coal and ironstone — the former 
being the result of compressed and altered vegetation, and the 
latter a chemical aggregation of the metallic particles around 
some earthy basis. The iron of the old red «aTi!^\.^\w^ ^%& 
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disseminated tliroift;li-tlie mass as mere colouring matter; in 

the carbon iferoug/Kinaat ion it is principally collected in lay- 
ers, or in nodulej. ".'The vegetation of previona periods was so 
scanty, as to l^^e^nly a few dubious impressions amonc the 
strata. Duriirg^tKe era about to be considered, it was so abnn- 
dant, as to ftnm numerous beds of coal, ranging in lliickiiess 
from a fetC jlighea to twenty or even thirty feet. 

18S. yfte'*srm " Carboniferoat" hat been applied toAUiyslem 

from thCiJ^H, that vegetable deposits — of which the main solid 

elemenf 'iq 'cnr&on — constitute its most disting^iishing- feature. 

It is regarded by many as marking the commencement of the 

SK«pNDiRT Pekiod; and holds a position in the earth's cmst 

inteiibediate between the old and new red sandstones. Having 

JJm|i -deposited after the upheaval of the old red sandstone, it 

■jfi^ in many places unconformably upon that ayatem, and 

.' ■ .^Ibcupics smaHer and more detached areas, which often assume 

'•%ft' basin or trough form, as shown in page 11 fi. It is com- 

• . posed of two very distinct groups, the mountain limestone and 

the coal measurei, which in some respects require separate 

descriptions. 



18Q. 17m ditlinguithing/ealure in the mineral compotition of 

ihis group is sufficiently indicated by the name Mountain 

■ Limesttme. ' It must not be supposed, however, that it i 
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(or hadcsy as they are called by qnanymen) perpendicular to, 
and the latter partings parallel with, the plane of stratifi- 
cation. 

187. The order of mccestion among the strata of this group 
h by no means determinate. In some districts, only a few 
beds of calcareons shales and ^ts occnr between the lime- 
stone and old red sandstone ; m others, a vast snccesaion of 
white quartzose sandstones alternating with bituminous shales, 
thin seams of coal, and bands of ironstone ; while in f^e and 
Mid-Lothian, these sandstones are associated with strata of shell 
and firesh- water (?) limestone. Whatever may be the cha- 
racter or thickness of the rocks beneath, the tme mountain 
limestone of itself constitutes a well-marked suite of strata, 
easily distingoishable &om any other. Sometimes it consists 
•of twoi, four, or six beds, divided by partings of ar^laceous 
matter ; at other times the beds are separated by layers of cal- 
careous sandstone and shale ; while not unfrequently it occurs 
in one mass of vast thickness, flanking some trap-hill precisely 
after the manner in which a coral reef skirts the island around 
which it is forming. In general, there occur above the lime- 
stone calcareous shales, sandstones, and thin seams 6f coal, 
which pass into the true coal measures ; but in the north of 
England, there intervenes a series of very pebbly or quartzose 
sandstones^ known by the name of Millstone Grit, liotwith- 
standing these variations, the calcareous members gradually 
disappear, and the carboniferous become more frequent as we 
ascend, so that there is no great difficulty in fixing the line of 
-demarcation between the two groups. 

188. The organic remains of the mountain limestone are 
eminently marine. It is true that the occurrence of thin 
seams of coal attest the presence of terrestrial plants which 
must have been drifted into the sea of deposit ; and there is 
some doubt among geologists as to the origin of certain lime- 
stones among the lower strata ; but laying these aside, the 
whole character of the group is as decidedly oceanic as the 
living conil reefs of the Pacific. The most remarkable ad- 
Tance upon the marine life of former periods, as evidenced by 
the fossils of the mountain limestone, is that which appears 
among the Radiata. In the silurian rocks, the corals were 
chiefly of a sessile kind ; in this group many of them are free 
and independent animals, bearing little or no analogy either 
to previous or existing forms. The most prevalent of these 
was the Crinoid or Enerinite family, of whose exuviae many 
beds of limestone are almost wholly composed. Of the encn- 
nite (Or., krinS^ a lily), or lily -shaped corals, are found 
many genera uid sab^eneiu— the distixicUoBA \^V&% xfiis^^ 
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fivm the external figure of tha stalk and head. That exhi- 
bited in fig. A may be taken as the type 

of tlie class ; it ia the eneHnH6s monili- 
Jbrmia, so called from the neeklaee-shnpe 
of its atalk. Beaides the encciniteB monili- 
formia, which ia by far the most prevalent 
of the erinoideans, there were the penta- 
crinus, five-sided instead of round, tha 
actinocrinu», or apiny encrinite, the apio- 
CTinilt:, so called from the pear-like form of 
ita head, and many others deriving their 
namea from similar distinguishing teatures. 
By examining lig. A, the student will per- 
ceive that the encriuite consisted of a atalk 
composed of numerous joints, rendered 
flexible by means of cartilage, and perfo- 
j ^ rated fur the passage of an internal canal ; 

^ K that it was fixed at its base, mid eupported 

J & at its free extremity, a cnp-like body (s) 

contmning the mouth and stomach ; that 
this cup-Tike body was composed of many 
pieces, which branched out into numerous 
1 E tentacnla (t) for the purpose of seizing 

■g W its prey. The whole animal is aoppoaed to 

S ^K have been invested with a gelatinous cover- 

, by which its structnre was held toge- 
r. In tile skeleton of some specimens. 
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, Fig. Bp — FragmeDt of EacrlniUL Ltjn«aton0p 

189. Betide* crijwidea, the mountain limeatone eontaitu 
many other ipcciet of radiaria — branched, fungoiis-shapecl, 
fan-shaped, stor-Bhaped, and tubular. These differ in many 
'instances from the corals of the ailurlan, as they differ from 
thou of the present day ; and are coofusedly iningled with 
cotaUinea, sheila, teetli, spioes, and scalea of fishes. The 
foUowing engraving represents some of the more prevalent 
fonoB among the corak and corallines of this era : — 




190. The ihell-fiA of this group are a 
numerous, and of curious and eignntie forms. They belong 
to all orders— equal and unequw bivalves, single and many- 
chambered univalves ; many of them are not to be found 
in any other strata than thoae of the carboniferous era. 
Several famaies seem (like the oyster and cockle of tha 
present day) to have been gregarious, covexia^ 1a,T%% s^wua 
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of the ocbbu'b bed ; for shells are foimd compcning bedt 
of limeatone from one to six feet in thickneu ; othen 
to have been Bolitary, changing their places as neceBsity 
required ; vhile the chambered ehella, like the ai^naut and 
naatilas, poseeased the power of sinking or floating at plea- 
sure. (See fat. 222.) Like ndating sheU-fldi, they appear to 
have inhabitad the aeaa at modeiate depths from the shorea, 
and to have preyed psitly on each other, and partly on. 
ibera and aiae mdicate a genial 
a regards temperatnre ana cal- 
careous matter — the farmer fi>Btentig' thcar growth with rapi- 
dity, and the latter yielding msterial fitr the stmctnre of 
their shelly coverings. Some of the mine typical shells be- 
longing to this fomuaon are the Prodhefa^ Terebratula, Spiri- 
fera, and Inoceramiu among the tuvalns; and the Enom- 
phalus, Ammonite, Belleropfion, Orthoceratite, and Croniatite 
among the univalvas, which are chiefly many-chambered. 
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paktal bones, spines^ and teeth are found in abundance, some 
of the latter being more than four inches in length — ^thereby 
denoting the gigantic size of these predatory animals. Their 
coprolitcs (Gr., koproa^ dung, and HAot^ a stone), or Ibesil 
excBBMB^ are scafeimck tnrougheQt th* shalea and ealca- 
reoHV ifeBiii^ and attest, !»¥ the nth fwiViHj bonea^ &e. ivitiek 
th«sf tir***«*j, the iHtere of tiie food ca wtutdi thty niliwrtiiil, 

OO1A& HEASUBOL 

192. The term " Coal Measures^' is applied to that series of 
rocks which Immediately overlies the mountain limestone, and 
from which the well-known mineral, coaly is obtained. The 
group is composed of alternations of coals, sandstones, shales, 
bands of ironstone, fire-clay, and layers of impure limestone. 
The coals present erery degree of fineness and purity, and 
are generally distinguished as follows: — Anthracite^ a hard, 
shining yariety, destitute of bitumen, often called mineral 
charcoal ; caking^ a highly bituminous sort, like that of New- 
castle, which cakes or runs together during combustion; 
cubie^ less bituminous, breaking up into cubical masses ; 
<xmnd, a eompi^fct lustrous variety, which breaks with a con- 
choidal fracture ; jety still more compact and lustrous ; and 
lignite^ or brown coal, in which the woody structure of the 
vegetables is still perceptible. The sandstones are in general 
quartzose, of a dull- white or brown colour, and thick-bedded ; 
sometimes they are flaggy, or schistose, and in this instance are 
either of a calcareous or argillaceous character. The shales 
are all dark-coloured, and bituminous ; the fire-clays grayish- 
white, and more or less sandy ; the ironstone occurs either in 
bands or nodules; and the limestones are all earthy and 
impure. The ironstone of earlier formations occurs either 
in veins^ or is disseminated as colouring matter through the 
mass ; in this system it appears as an argillaceous carbonate, 
either in thin layers from one to twelve inches thick, in irre- 
gular nodules, or in bands of regular nodules, called septaria, 
from the nodule being often internally divided into numerous 
aepta, or partitions, as shown in 4 of the following engraving. 
These nodules seem to have been formed by some process of 
attraction round a central nucleus, as in nine cases out of ten. 
they contain nuclei of leaves, teeth, scales, or spines of fishes, 
Goprolites, or some other organic matter. Beneath is repre- 
sented as central nuclei — 1, a fragment of a plant ; 2, a 
fish-tooth; 3, fossil excrement, or coprolite; and, 4, true 
septaria, with their curious partitions of white cai4)onate of 
lime, giving the section the appearaaoe oi «k \m&\I^% ^s»sb^ 




193. There it no regular succession among Ihe beds of Air 

np; though it may ba remarked, that tlie thickest and 
seams of coal aboand about the middle of the Berie& 
Immediately above the mountain limestone the coal beds 
are thin, the shales thick-bedded, and more or less calcB' 
reous; and the sandstones often calcareous and argillaceons. 
Ab we ascend, the argillaceous and calcareous members 
become less prevalent, the coals thicker and more frequent, 
and the shales more bituminous. Further up in the series, 
the coals gradually disappear, fire-clays and light-coloured 
shales abonnd, the sandstones become more purely arenaceauB, 
assume various shades of colour, and insensibly pass into 
the superincumbent new red sandstone. In general, all the 
members alternate indiscriminately with esch other, present 
various degrees of fineness, colour, and mineral composition, 
" ' ■ . . . ■ Oecnsioniilly, 
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tbia waj Mr Witham obHerved the various Tegetable tissues 
in coal, thereby adding another testimony to the numerous 
evidences of its oiganic origin. In most of the bituroinoua 
beds, however, the external form is obliterated, and it is 
to detached foaails in the sandstones and lighter shales that 
the geologist is indebted for his knowledge retpecting the 
FlotB of the carboniferous era. About four hundred speciw 
have been already determined, chiefly gigantic ec|uisetum% 
ferns, etnitjaoaaSSt cactuses, pines, and plants allied to the jCttwyw 
bulrush, cane, and bamboo. Most of these resemble existing itmrtt 
plants merely in their generic distinctions, having belonged lo " 
species whica flourished during the coal-forming period, and 
became extinct with the peculiar conditions of the globe 
which gave them birth. Some of the most characterise of 
the vegetable fossils belouging to this formation are repre- 
sented beneath ; namely — 1. Sigiliaria, so called from the 
graven appearance of its stem ; 2. Calaraxtesy from the reed- 
Uke jointings of its stalk ; 3. Sligmaria, from its stigmata, 01 
punctures; 4. Lepidodendron (Gr., lepit, a scale, and dendron, 
a tree}, fi»m the scaly appearauce of its bark. These foBsils . 




I. aisUUrls puhydemm ; 

occur in all the members, from the lowest white sandstone 
beneath the mountain limestone, up to the commencement of 
the new red sandstone, at which stage they disappear, and do 
not seem to have flourished during the deposition of any 
aubseq^uent formation. The best preserved specimens are found 
Iri the shales and sandstones ; the interior structure of the 
ilant being converted into soft quartaose sandstone, and the 






irk, or cuticle, into a glistening bituminous coaL In the 
al, the vegetable structure is always more or less obliterated. 



though sometimes a solitary trunk o> 
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soee material as those imbeddei] in the shales and Bandstonea. 
Of these foeail trees, maay have been found of gijtnntic dimen- 
sions ; as, for esaraple, a lepidodendron in the Jarrow coal- 
field 13^ feet wide at th« base, and 39 feet high, exclnaire of 
the branches at the top, which were also entire ; and a conifers 
cf the genus auraaaia in Craigleith qoany, S feet in diameter, 
and 20 feet long. Besidee the sigilioria, &c. above described, 
there are numerous species of tree-ferns, club-mosses, equise- 
tnms, and other cryptogamic plants preserved in the sheles ; 
theii doHc carbonaceous leaves and branches being often 
beautifully displayed upon the light-coloured ground of the 
material in which they are imbedded. Of these the following 
engraving exhibits some of the most characteristic ; namely, 
AtterofkyUiU* (Gr,, atter, a star, and pkyilon, a leaf) ; BpM- 
ttoplerit {i^ten, a wedge, and pteron, a wing) ; Peeopterii 
(ftkoi, a comb, and pl^on, a wing) ; all so named from the 
UOfo of their respective leaves. 
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■andatoiiesy at another clay and mud to form shale, and set a 
third period y^table dnft to form coal ; for strata of these 
matwialw often directly overlie each other. It must be borne 
in mind, however, that sand, clay, and plants, might be carried 
down at the same time, and that they woidd arran^ them- 
selves according to their eravity — ^the sand depositing itself 
along the shores, the mud farther seaward, and the ve^tables 
in any still bay where currents of wind or water might drift 
them. Such an arrangement would take place under the 
ordinary operations of water ; but during violent inundations^ 
there would be a confused intermingling of sand, mud, and 
plants, and this we often discover ; so that, taking all things 
mto account, we learn that the same agencies of rivers, waves, 
and tides, existed during the deposition of the carboniferous 
locks as exist at the present day, only on a more gigantic and 
uniform scale. Looldng at tne abundance of marine life 
which must have thronged the waters during the formation 
of the mountain limestone, and at the vast amount of vege- 
tation which the earth must have sustained while the deposi- 
tion of the coal measures took place, we are led to infer that 
the earth then enjoyed a much higher and more imiform 
temperature than it has ever since experienced. At present, 
we nnd a faint analogy in the Fauna of the tropical seas, and 
in the Flora of the tropical jungles, to those of the carboni- 
ferous era ; but so £Eunt, that we can scarcely institute a com- 
farison between the results produced. The ooral-ree& of the 
Pacific are insignificant compared with the thickness and 
extent of the mountain limestone ; and the vegetable drift of 
the Miasisfiippi and Ganges combined, would scarcely produce 
carbonaceous matter sufficient to colour one stratum of shale. 
Notwithstanding this, there is a resemblance between the coral 
productions of the Pacific and those of the mountain lime- 
stone ; and between the palms, tree-ferns, canes, and cactacee 
of the tropics^ and the fossil plants of the coal measures. The 
heat of tne l^opics is directly derived £rom the sun, and the 
torrid zone occupies but a narrow belt of the earth's surface ; 
whereas the coal measures are to be found almost in every 
r^on of the globe. The sun could not, therefore, have 
yielded that temperature which nourished the plants and 
animals of this period ; for though the sun's heat had been 
greater than at present, it could not have been universally 
diffused. The conclusion, therefore, to which most geo- 
logists have come, is, that the earth, orig^bally an incandescent 
mass, was gradually cooled down — hot enough to render 
gneiss and mica schist crystalline; cool enough during the 
grauwacke and silurian eras to permit of marine corals, shell- 



fish, and Crustacea ; cooler still during the life of the plated 
fiahea of the old red sandstone ; and only sufBciently noial 
tiiroaghout the depoutiou of the carboniferous period to foster 
a growth of terrestrial vegetation all over its aiuface, to wbich 
the existing jpnglea of the tropics are mere barrenneHH in 
comparison. This high and uniform temperature, combined 
(as suggested by Brogniart) vith a greater proportioD of 
carbonic acid gas in the atmoBphere, would not only sustain a 
gigantic and prolific Flora, but would also create denser 
vapours, showers, and rains ; and these, again, gigantic rivers, 
periodical inundations, and deltas. Thna all the conditions 
for extensive estuary deposits would arise from this high 
temperature ; and every circumstance connected with the coal 
measures points to such conditions. 

196. With regard to the formation of coal, geologists are 
not yet fnlly agreed. On examining sandstone or shale, it is 
easy to perceive ftom their atmcturo, texture, and compo- 
ution, that they must at one time have been respectively loose 



being cliiefly composed of carbon, hydrogen, and osygen — 
''' elements which enter into the composition of plants 



tli< 



—and revealing in its mass evidence of vegetable structure, i 
doubt is entertained of its organic origin. But whether the 
plants of which it is composed were drifted down by rivers, 
and deposited along with layers of mud and sand in estuaries, 
or whether dense forests and peat-mosses were submerged, and 
then overlaid by deposits of sand and mud, are the questions 
According to the latter hypotheaia, the vegetable 
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ihemselyes into one estnaiy, some chiefly carrying down sand, 
while others transported plants, mud, and heterogeneous dehris. 
Thid theory also supposes that the transporting rivers were 
snhjeet to periodical inundations, and that, during the intervals 
of overflow, the deltas were choked with a rank vegetation, 
which, in conjunction with the veo^etable drift from inland, 
went to the formation of beds of coal. 

Id7. Both theories are at present beset with many difficulties ; 
but the latter is the more generally received, as accounting 
for most of the phenomena connected with our coal-fields. 
According to the former theory, a submergence and elevation 
must have taken place for every seam of coal ; and as in some 
districts &om thirty to forty seams occur, varying in thick- 
ness from a few inches to many feet, it is impossible to con- 
ceive how the earth, in this unstable condition, could have 
nourished such a prolific Flora as the coal measures clearly 
demonstrate. It is also justly objected against this theory, 
that some thick beds of coal are subdivided by thin layers of 
sandstone, or ferruginous shale, a fact which would imply that 
many elevations and submergences took place even during 
the formation of a single coal bed ; whereas by the latter 
theory, those layers of sandstone, &c. present no difficulty, 
as the river, while it bore down vegetable drift, would carry 
at the same time sand and other debris. Further, shells and 
fishes are sometimes found imbedded in coal ; and it is diffi- 
cult to conceive how these could have got there, unless in the 
ordinary way of deposit and sediment. Forests of conifer®, 
palms, and tree-ferns, could not have been submerged and 
covered up with sand and mud, without the trunks being 
abulidantly found in an upright position ; now, this upright 
position of fossil trees is rarely or ever met with. Again, had 
coal resulted from submerged peat mosses, instead of from 
growing forests, there is no means by which we can account 
for the occurrence of shells, fishes, and thin layers of sandstone 
in its mass. By the latter theory, all these can be readily 
accounted for. Over vast deltas, such as those in which it 
supposes the coal measures to have been deposited, there 
would not only occur growing stems of palms, ferns, reeds, 
and the like, to be silted up perpendicularly, but there 
would also occur morasses choked up with a rank growth 
of grasses, while in the creeks and lagoons, shell-fish, fishes, 
and other aquatic life would abound. In the deltas of exist- 
ing rivers, tne latter theory meets with a perfect analogy ; 
and when the student is told of the rafts of the Mississippi, 
the mangrove jungles of the Niger, and the sand and mud- 
banks of the Ganges (par. 21% 280, &c.), he can have little 
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djffiealty in fennlng a conceptkni of the eBtnaries ta which the 
BSBdstonee, shales, shell limestoneB, and coal of th« csihom- 

ferous era were deposited. 

198. Tfie igneous roeki aatociattd vith (fte eerbonifh'wu 
tjfitem are all of the trap family — greenston«e, cHnlutotu^ 
basalts, trap-tDfis, Sic. They axe princiMlly composed or 
felspar and hornblende, with admixtures in clay, engiU^ and 
CDcasionBlly hyperatfaens. The greenttotiet (Tnlgsriy, wbin- 
tiaaaa) occur in lajg;e indeterminate or tabnlsr masses, and 
are often hypersthenic ; the eUnkHonea differ little irom the 
greenstones in inineMl composition, bnt are more compa^ 
split up into thin schistose-like fragments, and yield a metaOiB 
Bonnd when struck hy the hammer ; the basalts are easQy 
known by their columnar Htructnre, their dark and compact 
aspect, ^d from their containing little spherical crystals of K 
grewiish mineral called olivine ; and the trap-tuffs are of aU 
varieties, irom a soft seariaceous-loohicg mass to a conAued 
conglomerate of frt^ments of basalt, greenstone, Bedimentaty 
rocks, &c. The trap rocke of the carboniferous era are eaailr 
distinguishable from those of any other, partly by thdt 
darker colour, and from the fact of their yielding more OE 
leas bitumen by distillation ; and partly trom the prevalence 
of basalts, and of trap-tufis containii^ Augments of limestone 
tandstone, and shale. Among the traps of the old red sond- 
Etone, felspar, porphyries, and amygdaloids prevail, but are 
larely to oe met with among those of the coal measurea ; 
while, on the other hand, the traps associated with the 
tertiary strata assume a lighter colonr, and a decidedly scoria- 
\s and lava-like aspect. 




dktilKilf eiysbdlbM than the farmer, and more compact and 
itm Tcaicnlar thaa the Utter, The Btmctnre of the tufls and 
pojTphjrriea ie mamiTe and indetenninate ; of the greenstones 
■ometimes mani?e, but gvoerallr tabular or cuboidal ; and of 
tiw luMiltn always colnmnor. IliU difierence in the structure 
and t«ztiire of umw rocks seems to hare arisen not so much 
frcon any difference in their mineral composition, as from the 
flircomBtaiicei Qtteudmg their cooling. This has been satis- 
&ctorily prored by the experimenla of Sir James Hall and 
Hi Greconr Watt, who, by fnaing vaxioui kinds of trap, 
produced, by different modea of cooling, not only columnar 
iMBBlt, but spherical greenstone and vefiiculor tufa. The 
same substance which, when suddenly cooled, forma a black 
riaae or obtidian, will, br a dower process of refrigeration, 
form basalt, or, by a still slower, pass into earthy tufa- By 
nadnallj coolmg the fused mass, columnar basalt maj be 
ntmed but if at a certain atc^e of the process t be rap dly 
cooled sphencal maaees will be produced which when ex 
posed to the weather ex/ol ate or decompose coatmg after 
coating By these exper ment^ it was also proved that the 
pnmary form or crystal into which volcamc rock arranges 
itself when cooled is sjiherical and by these spheres press ng 
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upon each other, are prodnced tabular, cuhoidal, and colnm- 
nar forma. This fact can be readily aluatrated by putting a 
number of spherical pellets (of putty or anj oUiw -a'l^^an^ 



material) into a veaael, and then gently pressing opon tbem, 
when they will be seen to arrange themBelves in five and six- 
sided columna, precisely Bimilar U> the five and six-uded 
colamng of StafFa, or the Giant's Canaeway. 

SOI. The effect of igneom forces vpon the coal meaturei has 
been to throw them into troughs and basins, to elevate and 
depress them in a very extraordinary manner. The ibllowiog 
engraving representa a section of the South Gloncesteiehire 
coal-field (omitting faults), and may be taken as the type of 
the trough or batin. Here a is the elevatory axis oi the 




Trough or BsiId Form of Ooal-Seldi. 

Hendip hills, overlaid by the old red sandstone d ; b b an 
etruta of carboniferous limestone resting at a high inclination 
upon the slopei of the hills, and reappearing at/; c c and the 
ouier darkened layeis are beds of coal ; e e e denote the new 
red sandstone lying unconformably upon the coal meaanres ; 
g g detached outliers of lias ; and A is a detached outlier of 
inferior oolite, which are respectively continued in t and ft; 
I is the upper oolite, and m m are beds of Oxford clay situated 
to the nortn of the town of Malmesbury. The upHroat and 
dmentkrowt of the coal strata, which have taken place in 
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mfles each way, the coal-field shows 120 ascertained dislocations, 
one of which, at Sheriff hall, throws down the strata 600 feet. 
In the Newcastle coal-field, there is a famous slip called the 
ninety-fathom hitchy the deyiation from the line of stratifica- 
tion h&ng no less than 460 feet. The coal-fields of Fife and 
Clackmannan abound in such dislocations, several of them 
throwing the strata from 400 to 1200 feet up or down, as the 
case may be, from the general position. 

202. The extent of country occupied by the carboniferous 
tyitem is not great, the deposit being found only in limited 
and detached areas. It occurs largely in the British islands, 
and to this circumstance is mainly owing our greatness as a 
nation — ^the formation being rich in coal, iron, and lime — three 
of the most essential minerals to civilised existence. It pre- 
sents itself in the Lowlands of Scotland, in the northern and 
middle districts of England, in Wales, and in Ireland ; it 
occnrs also in some districts of Spain, in central France, 
Grermany, and in Middle £urope ; in Hindostan, in Australia, 
and New Zealand ; in the island of Batavia, and on the 
eastern coast of China; in Melville island ; in Nova Scotia; 
in the States of North America ; and on the coasts of Chili.^ 

203. The physical aspect of carboniferous districts is rather 
tame and unprepossessing. The hills connected with the 
mountain limestones sometimes present considerable variety 
of scenery, owing to the bold escarpments of that rock, its ex- 
tensive fissures and caverns, and the irregular undulations of 
the trap. These features are also aided by the general verdure 
and fertility of limestone districts, which present a freshness 
and luxuriance peculiar to themselves. The coal districts are 
almost always tame and unattractive, relieved by few eleva- 
tions or depressions of picturesque beauty, and being, in ge- 
neral, bleak and unfertile from the cold and retentive nature 
of the soil. Occasionally, a basaltic crag or isolated trap-hill 
relieves the monotony; but this is the exception to the 
general rule. 

204. The economical value of the carboniferous system fully 
compensates for any deficiency in the fertility of its soil, or in 
the picturesque beauty of its geographical features. Building^ 
stone of the finest quality (of whicn that of Craigleith, near 
Edinburgh, and of Calelo in Fife, are good examples) are 
obtained from the sandstones beneath the mountain limestone ; 
while the millstone grit and flaggy beds of the coal measures 
yield other valuable freestones. Of all the limestones in the 
crust of the earth, the Mountain is that which is most valu- 
able and abundant ; and from it are principally derived those 
stores of lime so indispensable to the p\irpo«ftft ^l >i)tkft 'W^^^^-* 
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agricnlturiBt, iron-foimder, &c. Where the enerinaJ bedi Bve 
sufficiently hard and cryBtaUine, they fomiih a reiy piettily- 
marked ■marhk ; the joints, stalks, plates, and etaT-like tubes 
of the corals shining out from the darker fuatrix in which 
they are imbedded. Many ornamental sparM (Deit^Bhire 
spai) are found in the veins of the mountun limei^one, whidl 
are also the primupaJ sources of lead ore in the British islsnds ; 
Derbyshire, Alston Moor in Cumberland, and Lead Hills in 
lanarkshiie, being well-known lead-minine districts. 8&ver *if 
' and gold are both more or less associated with the oree of lAad, 
especially the former ; bat tbey are seldom sought after, nn- 
less in connexion with lead. Firt-day is dng np from the 
coal measures for the makbg- of fire-bricks, furnace linings, 
&c. ; ochre (hydrated oxide of iron), which ocean In 
several coal-helds, Is extensively used as a pigment ; and o/um 
(sulphate of alumina) is obtained jrom many of the pyritoiiS 
shales of Germany, Ironstone, which is found in the coal- 
shaies either in hands, nodules, or septaria, is one of the 
most valuable products of the carboniferous system. It is 
obtained in great ahuadance, and beina; easily reduced to 
a metallic form by the application of coal and lime, in 
which the system abounds, it msy be said to form one of 
the prime elements of our country's mechamcal and com- 
neicial greatness. About two millions of tmis are amin- 
ally manufactured in Britain for the fabrication of the 
innumerable machines, utensils, and implements to which 
I, malleable-iron, and steel, are respectively applied, 
.will lata ml ins the great viilue of these rocks and 
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without foundation. Howeyer, calcuuRxAff tne amonnt ot 
unwTought coal in South Wales, in the middle and northern 
dirtriets of Enghmd, and in the Lowlands of Scotland, and 
making allowance for more perfect systems of mining, and 
more economical modes of humlng, it is estimated that, at the 
present rate of consumption, there is coal sufficient to meet 
the densMUid ion 2000 years. 

•• ^ , ^£ €>.^ SXPLAlf AlOar NOTE. xT^^V^ .• ^ C/ 

CAHBOiriFKROUB (Lftt., cmho^ coaly and fero^ I bear)— coal-bearinff or 
ooal-Tieldiaig ; apphed to that system of strata from which the chief 
nmpiies of ooal are obtained. 

SuB-CRTSTALLiNE — ^less than crystalline, or not distinctly crystallised. 
In geologT, the prefix snb is often nsed in this sense ; thus we say 
ow/mwcir basalt, when the columns are distinct and regular in shape, 
and mfr-coftiiiifMir, when the mass presents traces oi an irregular 
oohnmuur stmotnre. 

EifcmiNiTBB. — ^In many instances, the calcareous matter of the en- 
ciinite has been dissolved, so as to leare a screw-like cast of the imper- 
Ibntion and jointings. These oasts are known by the Temacular 
names of xreiv-stones and puUev-slones ; just as turbinolitc (fig. 2, p. 87) 
are called by quarrymen pipe-heads, and the smaller stalks of cncrinites 
pipe-s^wmks or tubes. Separate pieces of the stalks arc known in the 
north of England as St CtUliberfs beads, from a legend alluded to by Sir 
Walter Scott in the following lines : — 



-On a rock, by Lindisfame, 



8t Cuthbert sits, and toils to frame 
The sea-bom beads which bear his name. 

From the wheel-like shape of the pieces which compose the stem of 
the enorhiite, they are sometimes technically termed enfro^ i {irodmsA^htt/^ 

L enirochM 



a wheel), and the limestone through which they are scattere 
Umestom, This term, however, is principally applied to the pieces of 
the minutert stems. 

liiHESTOinB CAVBRNS. — Cavcs and fissures present themselves in all 
rocdu which have beai subjected to the influence of subterranean 
movements, or to the eroding power of water ; and may thus occur 
either in igneous rock, as Fin^^s Cave in StafiQft, or in sandstone, as 
the caverns of Arbroath. It is, however, in limestone that the most 
celebrated caves and grottos arc to be found ; indiscriminately in the 
moontain, magnesian, or oolitic beds, but on a scale of far greater 
■fdendonr and magnificence in the former. Those of Derbj-shire, 
Mitchelston in Ireland, Pares and Antiparos in the Archii>elago, 
Australia, &c are ezamjples of this class, and have been formed partly 
frx>m fissures caused by igneous movements, and P^i^ly l>y the eroding; 
influence of springs and subterranean streams, xhe joints and divi- 
sional planes which so numerously intersect the mountain limestone^ 
no doubt greatly facilitate these excavating operations. 

Anthracite (Qt., antkrax, coal) — a variety of coal almost wholly 
deprived of its bitumen. It may be rq|;arded as a natural charcoal 
formed by nLbtemmean or by chemical heaL Coxcanoxi. \>v\>\a£asc!ra& 
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in PenoaylvflEift and the boBlerir 

BtTUHBNS op the CAKBONIl 

Tirieliea of coal, which ate bitumens mingled more or leas with earthy 
impuiitin, there are other bituminous substances derived from the 
lyitem. \aphth&, petroleum, mineral pitch, and asphalte, ooie out by 
rent§ ; mineral caoutohouo (_f^aierHe, or eloatjc mineral piteli) is found 
in crevices of the limestone ; and a number of mineral leslns and fatt 
— such «a common mineral resin, Bphero-reeinite (globular drop* of 
milieiaJ resin), mellite (crystallised resin or honeystonc), Hatebetine, 
(mineral tallow), &c.— ate obtained in small quantities. Guburetted 
hydrogen (fire-damp) and carbonic acid gas (ehote-damp), both K> 
aloA to miners, seem to be evolved from the coal beds ittir the nine 
manner as several of the above-named products 

CoPBOLiTES (petrified excrementa) are found in all the ay>t«ma of 
the •eoondary and tertiary epocha. TTiey are chiefly the voiding! of 
fishes and eauroid animals, and yield unequivocal evidraices of thdr 
or^in in containing scales, bones, and other fragments of the eie»- 
tiuee on which these voracious animals preyed. Many apedmeni of 
coprolite retain on tbeir external surtkccs the convolutions and oom]S&- 
tions of the intestines ; and masses of it have been found in sfu «itUn 
the riba of ichthyosauri 
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of yariouB fineness, from a hard quartzose grit to s 
brecciated conglomerate. Few of them are laminated or mica- 
ceous, and' the thicker beds often present curious spherical 
concretions of a harder texture, containing some foreign sub- 
stance as a nucleus. The grains of the sandstones are of a 
dear quartz, merely coloured externally by a coating of the 
red oxide of iron, as if the' debris of the rocks from which thej 
were derived had been deposited in ferruginous waters. The 
argillaceous members are usually called *' marls," from the 
fact of their often containing a little calcareous matter, and 
being less laminated in structure than the coal shales. They 
are generally red ; but are sometimes mottled purple, yellow, 
and green (called variegated marls), and contain irregular 
beds and plates of gypsum (sulphate of lime). The calca- 
reous memoers vary from an almost pure carbonate of lime to 
an admixture of carbonate of lime and carbonate of magnesia 
— ^ence called Magnesian Limestone, They vary in colour 
from an ash-gray to a cream-yellow; are sometimes finely 
laminated ; at other times granular and crystalline, and in 
this state called dolomite^ after M. Dolomieu. Frequently, 
a layer exhibits a cellular or vesicular texture, the walls 
of the cells being sparry, and the cells themselves filled 
with loose powdery limestone. This cellular stnicture ia 
abundant in the magnesian limestone of Durham, and has 
received various terms from the shape of the cells ; as honey- 
combed; botryoidal, composed of little spherical concretions 
like a bunch of grapes ; and mammillaryy when the concretions 
assume an elongated or pap-like shape. These concre- 
tionary and cellular forms are said to be coralloidal — that is, 
like to corals in shape ; but they have nothing to do with 
organic structure, being merely the result of chemical or 
mechanical aggregation. The saline members are chiefly rock- 
salt, which occurs in white crystallised masses, or reddened by 
the argillaceous sediment among which it occurs. Salt springs 
abound in the new red sandstone, partly from the shales 
being all more or less impregnated with salt, and partly from 
the decomposition of the rock-salt itself. Gypsum occurs^ 
among the marls either in films or foliated fragments, the .^ 
latter variety being the selenite of mineralogists ; and oxide ^ 
of copper is the green colouring matter of the shales. 

207. The order of succession among the members of the new 
red sandstone is not very regular or persistent. In England, 
the lower part of the series consists cniefly of red sandstones 
and grits, the middle of magnesian limestones and gypseous 
marls, and the upper portion of variegated sandstones and 
marls, enclosing local deposits of gypsum arid T<^^k.-^!id}i^. Qt^ 
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ahalef^ represent the whole Bystem. The following tahla 
shows how the deposit occura in Germany, England, and 
France ; from which the student may also learn the important 

I, that it is by gi 
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foonl plantSy ahelli, fishes, and reptiles of this system, appear 
to partake both of the chuacter of those in the older carboni- 
feimu^ and the newer oolite deposits. Calamites, like those of 
the coal fonnation, are mingled with cycadee, resembling 
closely those of the oolites. Producte, so common in moun- 
tain limestone, occur in the zechstein with terebratule, like 
those of the lias and oolites. Fishes of the genus paleoniscus 
here occur for the last time, in ascending the series of strata ; 
and here, perhaps, for the first time we haye remains of 
OTiparons quadrupeds — ^the protosaurus and phytosaunis." 
Exnibiting this transition from one system of life to that of 
another, the new red sandstone has been regarded as the 
boundary between the Lower and Upper Secondary Strata 
— ^the old red sandstone, mountain limestone, coal measures, 
and new red sandstone, belong to the lower or older secondary 
formation ; and the lias, oolite, and chalk, to the upper or 
younger secondary. 

209. The number <^ fossil species hitherto detected in the 
new red sandstone of England amoimts to fifty or thereby, 
while fully thrice that number has been found in France and 
Gennany. These consist of traces of marine plants, a few 
terrestrial plants, seyeral zoophytes, one species of crinoidea, 
about two dozen species of bivalves, one chambered shell, 
seyeral fishes, the mutilated skeletons of two sauroid ani- 
mals, and the traces of footsteps, called ichnitesy from the 
Greek icHhon, a footmark. Like the vegetation of the coal 
era, the plants of the new red sandstone are chiefly vascular 
cryptogamia ; the corals, bivalves, and fishes, are apparently 
the same ; and it is only in the chambered shells, and in the 
sauroids, that new types are presented. Altogether, the sys- 
tem seems to have been deposited under circumstances pecu- 
liarly unfavourable to animal and vegetable life ; at least few 
organic exuviae are to be met with in its strata. 

210. The igneous rocks associated with the system are chiefly 
dykes of greenstone, which pass indiscriminately through the 
magnesian limestone, coal measures, and old red sandstone. 
These dykes belong to no definite volcanic era, but seem to 
have been formed by minor forces acting over limited extents. 
The granitic rocks of the primary period, as well as the traps 
of the old red sandstone and carboniferous measures, establish 
themselves in well-marked and characteristic ranges ; while 
the igneous rocks of the new red sandstone, lias, and oolite, are 
mere local efiiisions limited to dykes and partial upheaves. In 
their mineral character, these rocks differ little from the traps 
of the coal measures— consisting chiefly of greenstone, pitcn- 
stone, and clay-stone porphyry. 
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211. The Mtent of country over whicli thia system is spM*i 
is not well ascertaineiJ. Slight traces of it occur on the 
-western coast and islanilB of Scotland, and on tlie Fife shona 
of the Forth ; it occupies a wider area in the basin of the 
Solway and its tributaries ; spreFids largely over the central 
districts of England from the Tjne soutnwards ; and is found 
in the north of Ireland. Extensive areas ave covered by it in 
the continent of Europe — in France, Germany, Poland, along- 
the flanks of the Alps, in Austria, and between the Voira and 
the Ural mountains ; and, according- to Professor Hitchcock, 
it is spread over considerable spaces in Bome of the river 
Talleya of the United States. 

212. The pkyticat atpect of new red sandstone iUtriet*, as 
may be conjectured from the limited force of the igneous. 



scenery ; vfhich consists of rounded terraces of magnedan 
limestone, and level expanses of red sandstone and shales, here 
and there dotted with a gentle eminence of limestone or gravel. 
Over the limestone the sward is thick and verdant, and the 
soil above the red sandstone is of average fertility ; but when 
the retentive shales spread out in flat hollows, they form the 
basis of extensive morasses — ss, for example, those of south 
Lancashire, in England. 

213. The mineraig of commerce derived from the formetioit 
ore not numerous— the most important being magnesia and 
rock-salt. The magnesian limestone, when reduced to qnick- 
Ume, is employed with effect on certain soils ; it furnishes tha 
builder with mortar ; and yields, under chemical treatment, 
la of thu aputhecar}'. In Bome localitiPE It furnishes 
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jnany is worked to some extent as an ore of copper ; but no 
other metal is deriyed from the system. 

214. Thu formation of rock-mlt is a snbject, in connexion 
with this system, which has much engaged the attention of 
speculatiye geologists. The sandstone and marls with which 
it is associated are evidently derived from deposition in water ; 
hut the irregularity of the salt beds, the fact of their occur- 
ling ia masses of vast thickness, and 4be soluble na^^ire of the 
oompound, all point to a somewhat different origin. At pre- 
sent^ salt lakes and superficial accumulations of salt occur in 
various parts of the world, and these have furnished data for 
reasoning as to the saliferous deposits of earlier eras. Salt 
lakes are chiefly derived fi-om salt springs, and being subjected 
to the vaporising influence of the sun, which carries ofi^ only 

frefk vapour, their waters become in time saturated with saline 
matter. But water can hold only a fixed amount of salt in 
solution ; and so soon as this amount is attained, the salt be- 
gins to fall to the bottom by its own gravity. In the course 
of ages^ these layers will form a thick bed, interstratified, it 
may be, with mud, or other earthy sediment ; and if the lake 
ishould be ultimately dried up, the salt will constitute a deposit 
something analogous to the rock-salt of the new red sandstone. 
Such is the process which some geologists have advanced to 
account for the formation of rock-salt — supposing that por- 
tions of the seas of deposit were occasionally cut ofi^ from 
connexion with the main ocean, and subjected to a rapid 
evaporating power, without receiving fresh accessions of 
water. The limited extent of rock-salt basins seems to favour 
such a theory ; but when we consider the frequency of dis- 
turbance by volcanic forces in earlier ages, and the fact of 
many of these deposits occurring near to, or in connexion witb, 
mountain elevations, it is more than probable that igneous 
action, as well as a high atmospheric temperature, had to do 
with their formation. If such were the origin of rock-salt, 
it must have been formed during the deposition of other sys- 
tems than the new red sandstone ; and tnis geological research 
has confirmed ; Tor although the most extensive accumulations 
do occur amid the sandstones and shales of the system under 
review, still, deposits of considerable thickness are found in 
connexion with oolite, green-sand, and tertiary rocki^ while 
numerous salt springs issue from the carboniferous strata. 

215. The formation of magnesian limestone has also given 
rise to several theories. Minute quantities of magnesia occur 
variously combined in the crust of the earth ; but only in the 
limestones of this system is it sufficiently developed to consti- 
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tute a peeuliitr ^d ^istiaguidiing featnre. The most pre- / 
Talent hypotheses advanced to ttccoiut for this peculiarity are 
— first, tl^t the carhoDate of magnesia was deposited at the 
■ama time as the carbooate of lime ; and, second, that it was 
subsequently injected in the form of gaseous vapour. Neither 
hTpotnesis seems to account for all the phenomena presented ; 
altliough the former is that which admits of most estessive 
application, , • 

New kbd suidstone ststeh. — In tome recent works, it bas beoV-* 
attempted to arraDge the rocka of tills system, aa doTclopod in I^i^ ^ 
land, under two grand divisions ; the first ineluding the lower new tA 
nndttone uid magnesiAiL luncBtone, and tho second the vaiie^ted 
Madstones and gypceous marls. This anuigement has been nuwe in 
order to frcihtate comparuon with the contemporaDoouB HjBtenu of 
oonthiental and eastern Europe. In Germany and the neigbbooring 
eountriea the fonaer division corrcBponds with the i^orij-fotfto-JM B ii Jj , 
iiod the latter with wliat is now (reneiaUy Jinown as the Tnonio 
fivstem tso called &0111 iti being rcadil" -UiTioiltT.^ !■ 
tho Bunter Sandstein, Muschellmlk, an< 
of eastern Europe, which seem conte 

undetone, Mr Mnrebisoa haa applied . . ^ , _ 

their being widely developed in the ancient kingdom of Pennia, 
■wliielx eitends for several hundred miles along the >vestem Baaki of 
the Uralian chain, and thenca westward to tho river Volga. 

ZecasTEiK (mine- stone)— BO called from its containing a deposit 
{Kuffer-tdarfcf, or copper-slate) which is worked as an oro of copper ; 
and the nndeiiying aaodstone has received the name liolhe-todle-Ueqemle 
(red dead-lier), because it is oC a ted eulour, i« daid ot wortUlesB 1 
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OOLITIC SYSTEM. 

LIAS, OOLITE, AlO) WSALDEN GROUPS. 

216. After the deposition of the new red sandstone, a fuiiher 
change was effected upon the general conditions of the globe^ 
80 as to produce not only an entirely different set of strata^ 
hut also different races of plants and animals. In most dis* 
tracts, the red sandstones and magnesian limestone were np- 
heared, to form new land, while portions of the former dry 
land were suhmerged heneath the ocean. By this process of 
elevation and depression the courses of previous rivers would 
he altered, former seas circumscrihed and rendered more 
diallow, plants and animals suhjected to a new distrihution^ 
and thus a different set of deposits would necessarily ensue. 
Instead of magnesian rocks, we have dark argillaceous and 
oolitic limestones ; for variegated saliferous marls, we have 
hlue pyritous clavs; and instead of red and mottled sand- 
stones, yellow calcareous grits. All this points to a new 
epoch in the terrestrial conditions of the world ; and to the 
system of strata thus deposited geologists apply the term 
oolitic (Gr., oon, an egg, and lithos, a stone), from the resem- 
hlance which the texture of many of the heds hear to the roe 
or eggs of a fish. Oolite, or roestone, is an aggregate of 
rounded calcareous particles, varying from the size of a 
mUlet-seed to that of a marhle — the smaller heing almost 
perfectly spherical, the larger irregular, and having their 
interstices nlled with calcareous matter or hroken shells. The 
system in England comprises three well-defined groups; 
namely, the Lias, the Oolite proper, and the Wealden clays. 

217. The Lias, the lowest group in the system, is composed 
of dark aigillaceous limestones, hluish clays, and shales. The 
clays in general predominate, and occur with interstratified 
limestones; they contain occasional layers of jet or other 
coal : ironstone in septaria is not unfrequent ; and many of 
the shales ahound in bitumen and iron p3rrites. As indicated 
by the name (lias, corruption of layers), the limestones are 
finely stratified, and have evidently been deposited in tranquil 
waters. Most of the shales, in addition to their bituminous 
and pyritous qualities, are impregnated with muriate of soda 
(common salt;, and with the sulphates of magnesia and soda : 
and Mr Bakewell states that it is not uncommon, after wet 
weather, for the Yorkshire sea-cliffs, which are composed of 
these shales, to ignite spontaneously, and "bwni loix ^<i^^Ta^ 
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montliB. The Oolite la more varied in its compo^tion, consist- 
ing of oolite limestones, calc&reous grits, or conj{Iameratea, 
y^lowish sands, and clays all more or less calcareous. The 
peculiar rounded grains which constitute the oolitic texture, 
consist either entirely of lime, or of an external coating of 
lime, collected round minute particles of sand, coral, shells, 
&c. ; the grita are composed of sand, lime, ftogments of shells 
and corals ; and many of the claya present the same brec- 
ciated texture. The Wealden group (fiom the wealds or wold* 
of Kent and Sussex, where the deposit prevails) consists of 
beds of bluish clay, argillaceous limestones, impure oolites, 
and fermginoua sandstones. Nodular ironstone occurs in the 
-days, and beds of pisiform (Lat., puum, a pea) iron-sand are 
occasionally met with, while o^ide of iron is more or leaa 
4iiFused through the whole group. Fossil plants are abun- 
dant; and, as may be expected from this cii'cumatance, local 
traces of coal are not nnfrequent. 

218. Tailing the tehole system into account, it is apparent that 
calcareous and argillaceous compounds prevail ; indeed it may 
1)e sud to he an argillo-calcareous deposit, including subor- 
dinate layers of sandstone, bands of ironstone, and traces of 
coal. Among the lias strata, dark hues prevail ; among the 
oolite, cream-yellow and ochraceous colours ; the clays of the 
wealden are dark blue, while its other beds partake of a feim- 
^inous tint. 

2!9. With regard to the succession among the strata, no very 
Tegular order is observed ; though no fact in geology is better 
established than the supraposition of the lias, oolite, and 
■wealden, as above-described. The lias is the most extensive 
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'^ Portland oolito ; calcareous irony sand and concre- 
tions ; and a calcareous clay, looaUy called ^ Kim- 
mcridge clay." 
Coralline oolite (coral rag) ; calcareous sands and 
grits ; Oxford clay, including layers of impure 
clayey limestone. 
Oolitic and shelly strata (Combrash) ; forest 
marble ; Bath oolite ; yellow sandstones, divided 
by clays and calcareous sands ; marls and fuUcr^s 
earth. 

'Thick beds of dark-coloured bituminous shale ; beds 

of p}Titous clay ; and indurated lias marls. 
Lias hmestonos and clays ; bands of ironstone ; 
layers of jet and lignite ; sandstones more or less 
ctdcareous. 

220. The organic remains of the oolitic system are very 
numerous, and have long attracted the attention of geologists. 
They show a decided advance upon pre-existing races, inas- 
mucn as insects, amphibious reptiles, and mammalia, make 
their appearance in the animal kin!>:dom ; while new tribes 
of vegetables, such as the cycadeffi, lilacefe, &c. are added to 
the former Flora. The organisms of the lias, the oolite, and the 
lower members of the wealden, indicate the marine origin of 
these deposits ; those of the upper weald an estuary character, 
£rom the comminglement of fresh water with marine species. 
With this distinction, the Fauna and Flora of this epoch 
may be thus summarily detailed : — Plants — seaweeds ; a few 
equisetums; many ferns allied to the sphenopteris, pecop- 
teris, &c. of the coal measures ; cycades, allied to the exist- 
ing cycas revoluta and pine-apple ; conifers, resembling the 
yew and pine ; besides lilacea; and other undescribed genera. 
Animais — ^zoophytes, more like existing species than those of 
the mountain limestone and silurian rocks ; crinoidea, cliiefly 
the apiocrinite and pentacrinite ; star-iishes, resembling the 
common ophiuraand asterias ; echinida (sea-urchins), of which 
the cidaris is one of the most beautiful and abundant ; shell- 
fish, both bivalves, univalves, and chambered ; annulosa, like 
the common serpula and land-worm ; Crustacea, resembling 
<Jie lobster-tribe ; insects like the beetle and dragon-fly ; fishes 
belonging chiefly to the ganoidia ; reptiles allied to the tor- 
toise, to the crocodile, and gavial of existing rivers, but difler- 
ing widely in their external forms and modes of existence ; 
mammalia, two or three specimens of small marsupial animals 
allied to the oppossums. In the upper or fresh -water 
wealden, there are no zoophytes or marine mollusca ; but 
there are, according to Phillips, various land plants, fresh- 
water bivalves and univalves, some fishes, sauroid animals, 
and remains of turtles, both fresh- water and laann^. 
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221. The fitmUt mott ekaraeterUUe of the tyHem are the 

S cades, of which the atems, irait, and leaves are found in 
imdance, the eea-urchiiiB, the ammonites of various genera 
snd gieuDtic size, the aauroid reptiles, the ptero-dactylee or 
flying lizards, the freeh-water and marine turtles, and the 
marsupial mammalia. The cycadete occur ^Tincl^ally in the 
upper or fresh-water portion of the weald, interrolngfed with 
the stumps and prostrate trunks of trees. They are found 
tno«t plentifully in what is locally designated the " dirt-bed" 
of Portland — B rtiatnm of daric argillaceous mud, which most 
Vt one time h«Te been the mil In which they and other Tege- 
tables flourished, but which, by a submergence of the land, 
was converted into the bottom of an estuary, over which 
other strata of clay, limestone, and sand were depoaited. " At 
the distance of two feet," says Bakewell, " we find an entira 
change from marine strata to strata ouce supportiuK terrestxial 
plants; and should any doubt arise respecting the origcwl 
place and position of these plants, there is, over the Iow«r 
dirt-bed, a stratWi of fr«eh-water limestone, and upon this b 
thicker dirt-bed, containing not only the cycadei?, but stumps 
of trees from three to seven feet in height, in an erect pontjim, 
with their roots extending beneath them. Stwns of trees «b 
found prostrate upon the same stratum ; some of them are 
&om twenty to twenty-five feet in length, and from one to 
two feet in diameter. The following section of a cliff in 
Dorset exhibits very clearly proo^ of the alternation from 




iiiwiii9 (tnta to di; laud corered with a forast, and of a aub- 
ttquant mbmargence of the dry land under a river or lake 
WAub depoaitad fresh-water lim^tone," 

222. Q/* the radwta, moHiuea, and enutaoea of (Am ara, it 
may be obecrred, that while the; difier eBsentialiy from thoae 
<tf tbe older leoondaiy strata, they appToximate in form bo 
""'''"B neei. The gi^utic and prolific crinoidea of the 
""P™*"" limwttne hod diBq)}>eared, and been succeeded by a 
Aw dwarfish qwdmena of apiocriuite and pentacrinite ; while 
ths eidarts (see fig,), dypeus, and other echinida f sea-urchina), 
■ttaet a hunet dwree of oi^ianisation among radiated an i mala, 
Anwng the Hbell-fish, the gr^litea, trigonia, mtrea, and 
"i, are the most characterisldc — hundredB of species of 




die latt» having left their remains In the most perfect state of 
preserration in the shales and limestones of the lies. The 
wnnuHiite (of which two ^ecies, and a section of the interior, 
is figured below) receives its name from its resemblance to the 
carred hom on the head of the statue of Jupiter Ammon. It 




was a chambered shell belonging to the cephalapodout division 
Ot moUusca^thst is, having ila organs of motion arranged 
round the head j and had many coDgeaeis ia 1ii» fciwjav^"M&i6» 
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nantflo^ onnocemite, hamite (hook-snapea), acapnite C'"*"*-"^™ 
shaped), baculite (staff-shaped), and otlier mflny-chatnbered 
Bhells. It is one of the most widely-distributed molluscB in 
the secondary strata, and is found of all sizes, from that of a 
pin's head to three or four feet in diameter. The economy of 
4he ammonite destined it in general to lire at the bottom of 
deep watei's, but to be able to rise at pleasure to the sur&ce. 
For this pui'pose the outer chamber (o o) of the wreathed shell 
was fitted for the reception of the animal, wliile the interior 
chambers (i i) were hollow, so aa to moke the whole struc- 
ture nearly of tlie same weight as the element in which it 
moved. Through all of these chambers an elastic tube passel 
by means of a pipe or siphuncle (» s), the tube bemg ia 
connexion with tlie cavity of the heart, which, under ordinary 
circumstances, was filled with a dense fluid. When alarmea, 
or wishing to descend, the animal withdrew Itself within the 
outer chamber, and the pressure upon the cavity of the heart 
forced the fluid into the siphuncle, so as to increase the gravity 
of the shell, by which means it readily sunk to the bottom. On 
the other hand, when wishing to ascend, it had only to project 
its arms, and the fiuid, being freed from the pressure, returned 
fram the siphuncle to the cavity of the heart, thus restoring 
the whole structure to its ordinary floating gravity. As the 
pressure of water at the bottom of the sea would break the 

J dates of any ordinary shell, aa it does a bottle when it ia 
owered to a great depth, the shell of the ammonite haa been 
-strengthened by a curious kind of internal arch-work, so as 
,0 be able to resiat the weight of tliu incumbent fiuid. Thia 
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ftDOve ity' the exuvifle of these animals are so ahundant, and 
of such vast size, that the epoch in which these strata were 
deposited has not unaptly heen termed '' the age of reptiles." ' 
Of these there are terrestrial and marine chelonida (tortoises^ 
and turtles) ; lizards, whose arms and legs were fitted with a 
filmy memhrane, like hats, to enable them to fly (ptero- 
dactyles) ; amphibious saurians, like the gavial and croco- 
dile ; and water saurians, to wliich there is now no existing 
analogy. Of these sauroid or lizard-shaped reptiles, the 
ichthyosaurus and plesiosaurus are most abundantly dissemi- 
nated through the upper secondary formations. The general 
form of the ichthyosaurus (Gr., ichthys, a fish, and sauruSy a 
lizard) appears from its skeleton (see fig.) to have been not 
unlike that of a crocodile, with the substitution of paddles for 
feet The head is lengthened into a narrow pointed muzzle, 




Skeleton of Ichthyosaurus communis. 

and the jaws armed with sharp and formidable teeth. The 
skeleton of the /. tenuirostris (slender-muzzle) usually mea- 
sures about four feet in length ; but detached remains of other 
species have been found, indicating a length of twenty or even 
thirty feet. The plesiosaurus (so called from its orreater 
affinity to the lizard tribe than to fishes) was distinguished by 
the extraordinary length of its neck, which, in the commonest 
species (P. dolichodeirus, or long-necked), occupies nearly 
half the entire length of the animal. The head is very 
tsmall in proportion, and the tail is short, stout, and pointed. ^ 
The vertebrae of the neck exceed in number those of any /^^^'^ 
other animal known.'t It is conjectured by Mr Conybeare, by^^^'^ 
whom the first scientific investigation of this saurian was i«<«««ur«^ 
made, that, as it breathed air, and had frequent need of respi- "***^ *: 
ration, it generally swam upon or near the surface of the y,^^^^ 
water, arching back its long neck like the swan, and plunging nrr/f/'iz 
it downwards at the fishes that passed within its reach. Its ^^^i**'' 
length seems to have been from ten to fifteen feet. From the ' oa^' 
nature of their extremities, both the ichthyosaurus and plesio- 
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sasTUB miiBt liBve moved with great diificultj Tipon limd, and 
Mem principally to hare inhabited the wateiB. Bealdes these, 
geolcpsts emimerate many other species of aanrians — aqnatic, 
MnphihjouB, and terrestrial ; such as the megaioiawnu Cgreat 
■uurian), gmmitrua (land saurian), hylaemaunia (foreA 
(Burian), tel«oaawu» (perfect saurian), Sk, 

224. EtspecHng the mammalia of thit em, no Tery eaiSa- 
fectory data have yet been procured, the only evidence bemg 
two or three lower jaw-bones frora the slaty ilmesUniB of 
Stonesfield. Though some French geologiats have attempted 
to ascribe a saurold character to these remains, it is the opinion 
•f Cuvier, Dr Buckland, and Professor Owen, that theybeliJIlg 
to true didelphya (dii, two, delphys, wombs) animals ; that is, 
doable-wombed, or marsupial creatures, like the opossum ana 
kangaroo. Should this be the case — and comparative anatomy 
is too unerring in its deductions to admit of any doubt — then 
in the upper oolite are we for the first time made acqnainted 
■with mammalia in the history of creation. " Tlie close ap- 
proximation of these fosSl animals," saja Professor Owen, 
" to .marsupial genera, now confined to Kew South Wales and 
Van Diemen'a Ijand, leads us to reflect upon the IntereBtina 
correspondence between other organic remains of the Britisn 
oolite, and other existing forms now confined to the Australian 
continent and adjoining seas. Here, for example, swims the 
ceitracion, which has given the bey to the nature of the 
palates from our oolite, now recognised as the teeth of con- 
generic gigantic forms of cartilaginous fishes. Not only 
irigotiuE, but living terebratuliB exist, and the latter abun- 
dantly in the Australian seas, yielding food to the cestracioDi 
■t flnaloauca doubtless did ti> the allied cartilaKJ' 
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among which the flying lizard (pterodactylns) spread huB 
filmy wings. The rivers and shores were watched hy saurians 
more or less amphibious rmegalosaurus, ignanodon), or 
tenanted by reptiles wliich uy ima^ative men have been 
thought to be the originals of our gavials and crocodiles, whUe 
the sea was fiill of rorms of zoophyta, moUusca, articulosa, 
and fishes. Undoubtedly the general impression, gathered 
from a survey of all those monuments of earlier creations, is^ 
that they lived in a warm climate ; and we might wonder that 
the result of all inquiry has shown no trace of man or his 
works, did we not clearly perceive the oolitic fossils to be all 
veiy distinct from existing types, and combined in such diffe- 
rent proportions, as to prove tnat circumstances then prevailed 
on the globe materially different from what we now see, and 
probably incompatible with the existence of those plants and 
animals which belong to the creation whereof man is the ap« 
pointed head." 

226. T^e igneous rocks associated with the system in England 
belong chiefly to the trappean order. In no case have they 
caused much displacement or great disturbance among the 
strata, being gentle outbursts of trap-tuff, or intersecting 
dykes of greenstone. These dykes are always connected 
with some volcanic axis of the carboniferous period, and seem 
to have been among the last upheaving efforts of the trappean 
fiora. In Caithness, granitic rocks pass through the oolitic 
strata, but with tliis exception — the igneous rocks, which have 
upheaved or altered the system, belong either to the latest 
tn^, or the earliest volcanic epochs. 

227. The extent of country occupied hy the oolite is by no 
nueana extensive, though partial deposits are very generally 
disseminated over the globe. It is most fully developed 
in England, occupying the eastern sear-board from Yorkshire 
to Dorset ; it occurs in a small patch at Brora in Sutherland, 
in Skye, and other of the Hebrides, and partially in Ireland 
and Wales. Portions of the system are also found in France 
and Grermany ; skirting the Alps ; in Spain and the Balearic 
islands ; flanking the Apennines and Atlas range ; on the 
southern slope of the Himraalehs ; but no true equivalents to 
the European oolite have hitherto been detected in America. 

228. Unless in England, the oolitic system is not so extensively 
developed as to impart any distinctive geographical feature/ 
and there, though pleasing, the aspect is tame compared with 
that imparted by the older strata. The limestones in general 
fScrrm rounded escarpments over the subjacent clays, " so that 
several longitudinal hollows and ridges undulate the area 
occupied by the system." None of these ridgea ex^ <ii ^'^ 
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height (400 to 600 feet), bat they nre diy and fertile ; and 
thus present an agreeable cantraet witli the level river Tslleys 
occupied by the lias and wesilden clays. 

229. /n an economical point of view, the rockaof IhisBj'atem 
are by no roeans unimportant. TtiQ lias limestones generally 
conBiBt of from CO to 90 per cent, of carbonate of lime, com- 
bined with bitnmen, alumine, and iron ; and when the latter 
mineral enters largely into their composition, they form, 
vhen burned, a time which bas the property of Betting under 
water. The liner kinds of lins receive a polish, and are naed 
for lithographic purposes. The lias clays are often mnch im- 
pregnated with bitumen and iron pyrites, and will bum slowly 
when l^d in heaps with fagala and kindled. By this pro- 
cess the sulphur of tlie pyrites is decomposed, and combin- 
ing with the oxygen of the atmosphere, and with a portion of 
the alumina in the shale, forms sulphate of alumina, or the 
alum of commerce. During the sulphur monopoly, several 
patents were obtained for the extraction of sulphur from iron 
pyrites (sulphuret of iron), most of which would have been 
profitably adopted, had the native produce of Sicily continued 
at the then exorbitant rate. Iron has also been extracted 
from the ironstone and pisiform iron-sands of the wealden 



valuable in the useful arts, is found in the upper oolite in beds 
of great thickness. It is essentially composed of silica, alumina, 
and 24 per cent, of water, and, like other soft aluminous marls, 
possessea in a high degree the power of absorbing grease ; 
hence its viiiue in cleansing and si'Diiiing woollen btutii'. Some 
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The CHAMBERED SHELLS of tliifl System include many genera, bB. of 
which are fitted with interior hollow cliambers and siphnncles. The 
most common are the ammonite, nautilus, cuoniphalus, bellcrophon, 
goniatite, hamite (hamufy a hook), Rcaphite (wanha, a boat), orthocerar 
Site (offHof, straight, keras, a horn), biiculite (baculnm, a staff), lituite 
(JUmu, an augnr^ rod or crosier), &c. &c. Sometimes the shelly matter 
of the ammonite has been entirely destroyed, leaving only a cast of the 
faiterior, each chamber in this case playing upon another by the intri- 
eate jointings of the septa^ or divisional lines ; such casts are known by 
the name oi ammonites caiena, or ammonite chains. 

CRETACEOUS, OR CHALK SYSTEM. 
xfee aMe^' /SSV, P* J9SV 

230. Immediately overlj/ing the wealderiy and forming the 
upper portion of the secondary formation^ occurs a set of cal- 
careoasy argillaceous, and arenaceous strata, distinguished in 
Europe as the Cretaceous S\'stem, from its containing the 
well-known mineral, chalk (Lat., creta). In this system, as 
stated in par. 140, the arenaceous members are no longer sand- 
stones, but loose unsolidlfied sands ; the argillaceous beds are 
generally soft and marly clays ; and the calcareous, instead of 
compact or crystalline limestones, present that soft eailhy 
texture which prevails in chalk. AJl this attests a compara- 
tive recentness of formation, apart from great pressure, long- 
continned chemical action, or the indurating effects of heat. 
The strata occupy very limited spaces, and being decidedly of 
marine origin, point more to detached and inland seas as the 
areas of their deposit, than to the shores or bays of the ocean. 
Being thus, as it were, a local deposit, and of a thickness not 
exce^ing 800 or 900 feet, the chalk has been more thoroughly 
explored than any of the older systems, and its fossils more 
rigidly compared with existing species. Upon investigation, it 
lias been found that it embraces three well-marked groups ; 
namely, the Green-sand, the Gault, and Chalk. 

231. The composition of these groups is almost sufficiently 
indicated by their respective terms. The Green-sand^ which 
forms the lower division, is so named from its green colour, 
which it owes to a chloritous silicate of iron. These sands, 
however, are not uniformly green, but partake of ochraceous 
and yellow tints ; they present various degrees of fineness ; 
and not unfrequently contain cherty bands, irregular deposits 
of fbller's clay, and ochre. In England, they are usually 
divided into the Lower and Upper green-sands, because of a bed 
flftvBOift bluish marly clay which occurs about the middle of 
itegronp. ^ Regarding this bed as subordinate, the green-sand 
'lI'MnQy distinguished from the rest of the system by its 
"^"teceona composition and gi-eenish liMes. T^^ Gaull^ ^^'t 
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goU {a. local term), overlies the gjeen-sasd, and i§ not of mat 
thicbneM, nor very regular in its occurrence. It i8 a blnidi 
chalky clay, which, effervesces strongly on the application of 
addB ; it ia inteistratified with layers of green-s&n^ aqd holds 
irregular balia of argilloi^eous ironst'>ne and iron pyrites. In 
some districts the gault assumes a reddish tint, Irani the iron 
it contains ; but in other respects its composition is very per- 
sistent. The Ohalk, which forms the upper group of this 
syatera, is too well known to require description. It consists 
chiefly of carbonate of lime, has an earthy texture, and is SO 
soft as to yield to the noil. Though genemlly white, it some- 
times passes into a dusky gray, or even red colour, as in the 
north of England ; and where it has come in contact with 
igneons rocks, it is indurated, and of a crystalline texture, tike 
that of statuary marble. In England, the chalk strata avs- 
lage from 600 to 800 feet in thickness, and are usually divided 
into the lower and upper beds ; the former being more, com- 

Eujt, of a dnsky white varied with green grains, and contain- 
ig few flints — the latter being a soft white calcareons mH% 
with chert nodules and re^lar layers of flints. Traces <rf 
fltratiflcation are scarcely distin^isheble in the mast of the 
«halk, but are clearly evinced by the Ibes of flints and other 
nodular concretiona. In some of the continental chalks, car^ 
bonate of magnesia prevails to the extent of 8 or 10 per cent, 
giving to such beds a still more earthy texture. 

232. The order of guccesfion among the strata is such as has 
been shown above ; but, to render it more distinct, we majr 
transcribe the iblloning sectional detail of the syrtem tw it 
occnn in the south of EA^and ;— 
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All tiie mNnlwn detailed above do not occni In other 
caatweooB ' districts ; fbr examplB, there is no gMen-sand 
in the Dorth of England ; no coalk along the CaTpBtliiaoB ; 
no ganlt in America ; while in Sontb America the system 
ii npnamted by impnre chalky beds of no great thickueM, 

iSB. The organic remairu Jbund in tht lyttem are eminenflp 
Mvlne. There are very few planU, and them chieily at 
marine typea, sneh w aige, conferva, and other sea-weeds. 
Ban fragments of ferns, cones of coniferons trees, cycadites, 
and dicatyledonona wood, have been detected in the green- 
aand ; and a patch of lignite is said to occur in the lower 
chalk, near Roehelle in France. Respecting this deposit, ST. 
Bngolart thinks it may have been formed by the local aub- 
meigflnee of a peat raoes ; but generally speaking, there la no 
Ibnnatian so deetitnte of terrestrial oi^aniams as the chalk. 
Among the animal rmnaint, apongea, corals, atar-fishea, annu- 
loM, nnivBlve, hivalvB, and chambered molluscs, Crustacea, 
flabea, and reptiles, are found in abundance ; but, with one 
ttoeption, mammalia are not known in the cretaceous rocks. 
The aame races which appeared in the oolite appear also In 
tiu ebaik, but of very different genera ; ao much so, that it has 
been observed that the cretaceous system contains genera never 
found in any rocks more ancient or more modem. " There 




^ipears no sufGoient evidence," says Profesaor Phillips, " in 
the foeails of this svstem to justify any positive inference as 
to the character of the cUmate then prevailing m the northern 
zones ; but we may be sure that the va. 'waa x^rj \i^'<X'& ^oai- 
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tnibed lij inimdationB from the land, otherwise ferns and otbei 
plants, and not fuci, would liave been found in the saudy 
strata." It is true that the evidence respectiog the climate, 
and other conditions of the cretaceous era, is still im- 
perfect ; but the recently-discovered remains of the highest 
order of mammalia (qnadrumana, or monkey tribe) point 
to a tropical climate ; and this fact, taken in conjunctioa 
with the occurrence of cycadites, seems to establish a tem- 
perature little different from that which prevailed during 
the wealden epoch. The foregoing engraving represents & 
few of the more characteristic fossils belonging to the sys- 

284. Igjieout rocks are nowhere associated with the chalk 
in England ; but basalt and other traps break through and 
overlie the strata in the north of Ireland^the Giant's Cause- 
way presenting one of the finest examples of this connexion. 
In the Pyrenees, cretaceous strata are said to he in contact 
with granitic rocks ; but, generally speaking, the system 



comes in contact with igneous discharges, the heat has ren- 
dered it hard and crystalline like primary marble. The same 
effects have been jiroduced by enclosing pounded chalk in an 
iron tube, and subjecting it to the heat of a furnace. 

236. The geographical extent of the aysiem is limited, when 
compared with earlier formations. It is pretty exten^vely 
developed in the south and south-east of Encland, filling up 
the hollovra and basins left by the oolite and lias. It appears 
in the north of Ireland overlaid by basalt and other trap rocks ; 
' ■ ■ ■ •[! Wulfii 01- in Scotianil. '■ ' 
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singular, contain no channel, and but little other circumstan- 
tial proof of the action of water, by which they were certainly 
excavated." Chalk districts thus possess great amenity and 
rural l^uty, and are as yet but little broken up by the 
enterprise of modem agriculture. 

237. The minerals af commerce derived from the system are 
by no means numerous. Chalk is used for many purposes in 
the arts and in agriculture ; it furnishes polishing paste, and 
the well - known whiting of the painter. Beds of fuller's 
earth occur in the lower green-sand, and in some districts the 
more indurated strata of the group produce a rough building- 
stone. Flint is one of the most valuable products of the 
system ; furnishing material for the manufacture of china and 
porcelain, flint-glass, and gun-flints — ^the latter having been in 
cmiversal use before the invention of the percussion cajp. 

238. The formation of flinty within a mass so different in 
composition as chalk, is still in some respects an unsolved pro- 
blem in geology. It occurs in nodular masses of very irre- 
gular forms and variable magnitude ; some of these not ex- 
ceeding an inch, others more than a yard in circumference. 
Although thickly distributed in horizontal layers, they are 
never in contact with each other, each nodule being com- 
pletely enveloped by the chalk. Externally, they are com- 
posed of a wliite cherty crust ; intemall}'', they are of gray or 
olack silex, and often contain cavities lined with calcedony 
and crprstallised quartz. When taken from the quaiTy they 
are brittle and full of moisture, but soon dry, and assume their 
well-known hard and refractory qualities. Flints, almost 
without exception, enclose remains of sponges, alcyonia, echi- 
nida, and other marine organisms, the structures of which are 
often preserved in the most delicate and beautiful manner. 
In some specimens the organism has undergone decomposition, 
and the space it occupied either left hollow, or partially filled 
with some sparry incrustation. From these facts, it would 
seem that flints ai'e ds much an aggregation of silex around some 
organised nucleus, as septaria (par. 192) are aggregations of 
clay and carbonate of iron. This is now the generalljr received 
opinion ; and when it is remembered that the organisms must 
have been deposited when the chalk was in a pulpy state, 
there can be little difficulty in conceiving how the silex 
dissolved through the mass would, by chemical affinity, attach 
itself to the decaving organism. Chalk is composed of carbo- 
nate of lime, with traces of clay, silex, and oxide of iron ; 
£int, on the other hand, consists of 08 per cent, of pure silex, 
with a trace of alumine, oxide of iron, and lime. Silex is 
quite capable of solution : it occurs in the kol-^^xm^ <^i ^^^ 
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land and most thermal waters ; has been found in a pnlpy 
BtBto vithin basalt ; forms the tabaiheer found in the caritiea 
of the bamboo, and the tbin pellicle or outer covering of canes, 
reeds, naaseH, &c. ; and Biliceoua concretions are common la 
the fruita and trees of the tropica. All tbeee beta point to b 
very general difTuaion of siiex in a itate of eolation ; and 
whatever mtj have caused iti abundance in the waters dur- 
ing the deposition of the upper chalk, there can be little doubt 
reapectii^ tlie mode in wluch it haa been collected aioond the 
oiganlc remains of these early seas. 



The oiiQiii oi' cuLK, w> diScKot In its textare „ 

&om aU other limeflloaeB, luu given rise to many hnwtheHB. " Then 
appsan no evidencej" Bavs Hr Biande, " of its havjiig been dcaioiited 
from clipiaifwl boIuIxod ; Ijut^ on the otbcr hand, it bearH maxM of a 
mmhnnical deposit, as if from viaixi loaded with it in fine divikkni. 
And npon thia principle, some gleam oS Lisht may perhaps be throvil 
npcn tbe enigmatical appDaiacoe of tbe fimta ; for it is finmd, that If 
flnelv-powderod mlica he miied with otbec earthj bodiea, aad tka 
whole diSuaed tbrough water, tbe gn^s of dlioa have, onder aerials 
drcnimtBJioeg, a, tendencf to aggiegate into gmajl nodulea ; Bod In 
ebalk, some grains of quartz are discoverable." Then em be little 
doubt ttiat such has b^ the ordinal state of chalk, from vbatever 



partiolaa were diffused through the wB:[ec9 in which it was dqwdted, 
it were impossible to acconnt fbi almost any of the phenomeaa epl^ 
neoted witA it as a formation. But while sium boa endaatly been tte 
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TERTIARY STRATA. 

239. The tertiary system comprises all the regular strata 
of lunestone, marl, day, sand, and fpravel which occur above 
the chalk. Before the labours of the celebrated Cuyier and 
M. Brogniart, these beds were regarded as mere superficial 
aceomuhitions, not referrible to any definite period. Now, 
however, they are recognised as constituting a distinct forma- 
tion— difiering from the cretaceous not only in its mineral 
composition, but in the higher order of organisms which it 
eontams, and from the superficial sands ana clays, in being 
regularly stratified, and in imbedding the remaiiis of animala 
diStinct from existing races. In general the strata are loosely 
aggregated, are of no great thickness, and present appeanmeeB 
mich indicate frequent alternations of manne and nesh-water 
agmcies. Thus, marine remains are found in some beds, while 
others contain exclusively land AniTnala and plants, and fresh- 
water shells. The whole suit being less consolidated than anv 
of the secondary systems, and containing plants and animals 
to existing forms, it presents a freshness of aiq>ect 




ich serves to distinguish it from older deposits ; at the same 
time the regularity of its deposition prevents it &om being 
mistakea for an^ mere alluvial accumulation. In general it 
occupies very hmited and detached areas, as if it had been 
formed in sliallow inland seas and estuaries, to which the 
waters of the ocean at times had access, and where at other 
periods ftesh-water inundations prevailed. Another essential 
difierence between the tertiary and the more ancient forma- 
tions consists in the fact, that the latter maintain a wonderful 
nniformttv in their composition and character all over the 
|;lobe ; wnereas the former present almost as many distinctions 
in composition as there are areas of deposit. For this reason 
it is impossible to give a description applicable to all tertiary 
strata ; those of England and France, however, may be taken 
as types sufficiently characteristic. 

240. Respecting the composition of the system, arenaceous and 
iffgillaceous beds may be said to prevail, with interstratified 
limestones, calcareous grits, and marls. The arenaceous mem- 
bers are either pebbly conglomerates of a rusty yellow, or 
sands little indurated and variously tinted by the oxide and 
silicate of iron. The sands are seldom sufficiently consolidated 
to form sandstones; and the conglomerates are oft^i mere 
layers of rolled pebbles, without any cementing hvbIyvsl. TV^^ 
argillaceous beds also present many Yaxie\i<^ \ ^tc^^ Va^s^ 
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almost pure laminated clay of a dull bine colour, otliers of a 
brownish tint, with a. slight admixture of sand, while many 
pass into marls more or leaa calcareous, None of these claya 
are bo compact as to form shales ; indeed lamination is more 
frequently absent than otherwise, there being nothing eicept 
their fossils and associated beds to distinzuisn them from the 
clays of subsequent alluvial valleys. The cakareovt lavera 
Bie still more varied in their composition and aspect, and oear 
no resemblance to the indurated llalf- crystalline limestones of 
older forttiationi. The marine limestone of the Piiris basin is 
«f a coarse sandy texture ; that of Austria a rough coralline 
rock : the fresh-water beds near Weimar are hard and com- 
pact ; thqpe of other districts are soft, marly, and full of 
ahells. In some localities marls are so calcareous as to be used 
as limestones, while in others they pass into soft friable days. 
From this extreme diversity of composition, it is evident that 
many agencies have been concerned in the deposition of the 
tertiary system, and that most of them hare been of a local 
<;haracter, producing results not differing widely from those of 
the present day. 

241. The tucceaiioa of ttrala is no less varied than their 
TQiDetal composition. As at the present day distant rivets ve 
depositmg difierent sorts of matenal at one and the same time, 
so in distant tertiary basins different strata variously sncceed 
each other. Lucidly, none of the deposits are of great thick- 
nen, and as they have been closely examined for the sake of 
their fosails, the alternations of the beds have been pretty 
accurately ascertained. The following is a descending section 
of the Paris basin, according to Cuvier and Brogniart : — 




to the 



4. BaOSBOT BAKIIS. 

5. LonooH CUT— of > doll gray, or blue, or ochnuMona coioar ; often 

fun of gteen gradiu. Septuia and other ferrugmons DoiluleB occur 
in aome puts. Numerous foSBik. 
2; Ptianc Ci.ii ind sinds — saoda of Taiioua colours, «itli oeeaslonal 
* ~ Is of l^nito ; ftlso lasers of sandy ctaf , n-ith or witliout shel' 
« — rresQ and tbmiguioui, accoippanied bj flint pebblea, oyi 






I,' SiNiM — greeQaii 
■beU^lui. 

In other puta of England the order of occnrrence is somewhat 
difierent. It may be stated, however, in general terms, that 
the nuds are most extensively developed ; the days chiefly ia 
the BOntbem basins ; while at Oxford, Ramsholt, &c. the uppec 
beds consist of a coarse conglomerate of corals, sand, pebSIc^ 
Bhells, &c. locally known as the " Cr^," and so calcareous in. 
eoioe places as to be used ss a limestone. As with the Paris 
and Biglish deposits, ao with other tertiary basins in Europe ; 
Hume of southern France, Spain, Italy, Austria, Hungary, Sic 
■ — all showing an irregular auccesaion of clays, sands, rasjl^ 
lignites, and gypsnm, which, when examined in relation to 
their positions, modes of aggregation, and fossils, ore clearly 
lefemble to the some period of fomiation. The following 
engraving illustrates the tertiary deposits of the Thames basin, 
with the subjacent chalk and green sand — 



242. A» to tte extent of country occupied by tertiary depotitt, 
there is yet no veiy accurate knowledge, inasmuch as many 
sands and clays, now regarded as the alluvium of existing . 
valleys, may hereafter be referred to this system ; and several 
areas of gravel, now looked upon as tertiary, he classed with 
more recent accumulations. As developed in Europe, the 
system spreads over wide areas, all remarkable for their con- 
fonnatioa and connexion with the outline oC Q-xi^Js^ «:»&> 



Indeed, were the islands and continent of Europe to be nah- 
merged to the deptli of 600 or BOO feet, the waters of the Ger- 
jaan, Baltii^, English Channel, and Mediterranean seaa, would 
cover most of the tertiary strata, showing that, with the 
exception of the general elevation which raised them into dry 
land, there ha£ been comparatively little sahtenanean distnrl>- 
ance since the time they were deposited. In Britain the for- 
mation is exhibited in Uamphire, Isle of Wight, in the Ijasin 
of London, and irom the Tnamea northwards along the coast 
to the month of the Yare ; but has not been detected either in 
Ireland or Scotland, though several gravel and clay deposits 
in the latter country may yet be discovered to belong to Hut 
same era. It occurs interestingly developed near Paris ; 
trends along the north coaat of France, Belgium, Westphalia, 
Holstein, and Jutland, in apparent connexion with the Ger- 
man Ocean ; spreads over the level tract lyine between tha 
Baltic and Northern Ocean in Russia ; and occupies the 
BTeator portion of the central flats which lie between the 
Baltic and Black seas. Besides these GspanseB, there aie 
many secluded patches along the valleys of the Rhone and 
Danube, the Swiss lakes, and the Italian shores of the Medi- 
terranean. The systom has also been detected along the 
Bonthern baus of the Eimmolehs, and in several of the North 
American valleys; and when geological research has been 
farther extended, there is little doubt of its being discovered 
in other quarters of the world. In speaking of the extent 
of country occupied by deposits of incoherent sands, marls, 
and clays, like those of the tertiary epoch, it must be home 
in mm.1 how much more waste they would suffer by deniida- 
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stratft. Along the Rhine, in Hungary, and in central France, 
the igneous elevations assume a more diminutive aspect — ' 
those of Auvergne never arranging themselves in a continuous 
ajds, but presenting a congeries of conical crateriform hills of 
no great altitude. In their composition, these igneous rocks 
are chiefly trachytic — ^passing from, a pretty compact grayish 
felspathic mass to scoriaceous tufa ; but in no case presenting 
the dark bituminous aspect of the coal-measure traps, nor the 
amygdaloidal and porphyritic texture of those associated with 
the ^d red sandstone. 

244. Betpecting the geographical aspect of tertiary districts, 
the general absence of igneous rocks would indicate a level 
and somewhat imvaried scenery ; and this is the feature which 
prevails in the wide tertiary plains of northern and middle 
Europe. In Ikigland the strata partake of the undulations 
of the subjacent chalk, principally developed, however, in the 
flatish basins of London and Hampshire. From the open 
and porous character of the sands and gravels, tertiary soils 
are in general light and dry, capable of profitable cultivation, 
but by no means naturally fertile. The hills and vine-grow- ^ 
ing slopes of Auvergnf can scarcely be considered as reposing 
on a tertiary basis any more than the snow-clad crags and 
peaks of the Alpine range, both of which form decided excep- 
tions to the general rule. 

245. The organic remains of the system constitute its most 
important and interesting feature. The fossils of earlier 
periods presented little analogy, often no resemblance, to 
existing plants and animals ; here, however, the similitude is 
frequently so complete, that the naturalist can scarcely point 
out a distinction between them and living races. Geology 
thus unfolds a beautiful gradation of being from the corals, 
molluscs, and simple Crustacea of the grauwacke — the ena- 
melled fii^es, crinoidea, and cr3^togamic plants of the lower 
secondary — ^tiie chambered shells, sauroid reptiles, and mar- 
supial mammalia of the upper secondary — up to the true 
dicotyledonous trees, birds, and gigantic quadrupeds of the 
tertiary epoch. The student must not, however, suppose that 
the fossils of this era bring him up to the present point of 
organic nature, for thousands of species which then lived and 
flourished became in their turn extinct, and were succeeded by 
others long before man was placed on the earth as the head of 
animated existence. Of Plants^ few marine species have been 
detected; but the fresh- water beds have yielded cycadee, 
conifers, palms, willows, elms, and other species, exhibiting 
the true dicotyledonous structure. Nuts allied to those of the 
cocoa and other palms have been discovered in \Jafe \i^TA^ - >. 
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clay ; and seeds of tl>« fresh-water characece, or stonswort^ 
known by the name of gyrgonitea (Gr., gtfras, curved, and 
gonos, seed), are common in the same deposit. Of the Eadiata, 
Articulata, uid Moliusca, so many belong to existing genera, 
that the circumstance has suggested a classification of ter- 
tiary rocks according to the number of recent species wliicli 
they contain. Thus, if out of 100 fossil sheila 80 should 
belong to recent apeciea, the deposit in which they are im- 
bedded is presumed to be of later origin than one from 
which only 10 per cent, of recent shells can be obtained. 
Proceeding upon tiiis plan, M. Deshayes and Mr Lyell arrange 
the entire system into the following groups, aa further ex- 
plained in note, page 72 : — 

Pleisi«cene— Sicilian depoatfl, with 95 per cent, of recent gpeciea 
Plbiocene — Italian and Crag deponts, witii 41 per cent, of reoent 

Bpefjiea. 
Mgioceng — Vienna, Bordeaux, Turin, &«. 13 percent, of recent spedes. 
EocEKE — Faria, Loudon, Belgium, 3^ per cent, of recent species. 
I^om the above per centage the student will perceive, with 
respect to the marine moliusca of the tertiary era, that they 
approach existing forms too nearly to require any particular 
description. 

246. The vertebrate animals make a simOar approach to, or 
recession from, existing races as we ascend or descend among the 
tertiary strata. " The Fishea" says M. Agasaiz, " are so nearly 
related to existing fonns, t!iat it is often difficult, considering 
the enormous number (above 6000) of living species, and the 
imperfect state of preservation of the fossils, to determine 
exactly their specific relations. In general, I may say that I 
t found a single species whieh was perfectly iden- 
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in the Paris basin, referrible to the genera — ^buzzard^ owl, 
qnail, woodcock, sea-lark, curlew, and pelican. 

247- The mammaUa of the tertiary Hrata are those fossils 
which have most attracted the attention of paleontologists ; 
and this desenredl^r so, from their being the prototypes of 
many existing species, and as marking the dawn of conaitions 
suited to the fauna of the present day. Of these ancient 
forms, between fifty and sixty species have been determined, 
a majority of which belong to a division of the order Pachy- 
dermatOy now only represented by four living species ; namely, 
three tapirs, and the daman of the Cape. This division com- 
prehends most of the theroid animals, now so frequently al- 
luded to in works on geology, of which the pakeotherium (see 
^g.) was one of the most prevalent and characteristic. A- 
detailed enumeration of the mammalia of this era would be 

inconsistent with the rudi- 
mentary nature of this trea- 
tise ; we shall therefore merely 
advert to the leading orders 
now determined by the most 
^eminent fossQ anatomists. 
Quadrumana (four-handed, or 
^^^^^s^: monkey tribe), one or two 

» -^«I, x,.__, species from the eocene Deds 

FormofPatootherium. ^^ ^j^^ English basins; Mar^ 

gupialia (pouch-nursing), three or four species of a diminutive 
size ; Cheiroptera (hand-winged), two or three species of bat^ 
chiefly from the gypsum beds of Montmartre ; Insectivora 
(insect-eaters), partial remains of a species of mole ; Carnivora 
(flesh-devourers), several species have been determined allied 
to the bear, hysna, fox, dog, seal, cat, weasel, &c. ; Bodentia 
(gnawers), ten or twelve species allied to the beaver, rat, hare^ 





Restored Form of Deinothcrium. 



lagomys, squirrel, &c. ; Pachydermata Tthick-skinned), many 
genera and species, such as the mastocLon, l\i^ ^^\xvc^>i)CL<^Tvx);\^ 
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(Me fig.}, elephant, hippopotamnB, rfaiooceros, h<»3e, boar, tapir, 
and a host of animBla allied to tlie tapii. ; Rianinantia (end- 
cbewen), a few speeiee, as the stag, deer, elk, antelope, ox (•), 
&o. ; Cetacea (whales), one or two species ; and gigantic 
BdeMata (toothless animaU), now faintly lepTssmted by the 
iloth, the ant-estei, and the diioinutive armaaillo. 

248. Of the cotiditiojtt of the vrorUt dvritig Ste depotitiam (^ 
Urn tertiary strata, we are enabled to form Mine estimate jrom 
the Datura of their fossils, and from the peculiai composition 
and aggregatiMa of their mcky materials. So br as Euope b 
GOncemed, part of the existing land must have been then 
elevated above the waters, foimmg a series of insnlar ranga^ 
with flat valleys and shallow seas between. From these i°lnii'hi 
and from continents now submerged, rivers of conaiderabla 
extent seem to have borne sand, clay, and vegetable debri^ 
and to have deposited them in the seas and estuaries, while 
gravel, flint pebbles, broken cornls, and shells, nere strewn 
along the shore by ordinary littoral influences. Such mate- 
rials would give rise to beds of sand, clay, gravel, lignite, and 
calcareous conglomerate, enclosing marine remains, with otheia 
of fresh-water and terrestrial origin brought down by the rivers. 
But several tertiary baeins exhibit strata of decided frefttt-watec 
origin, alternating with others aa decidedly marine ; and to 
account for this phenomenoii, we must have recourse to another 
Bet of agents. In the deltas of many modem rivers, like that 
of the Niger, lagoons of freeh-water are frequently cut off &om 
connexion either with the branches of the river or with tba 
ocean, and in these myriads of aliell-fisll, aquatic plants, croco- 
diles, liippopotami, and otiicr fresh- water and aniphibioi 




t£e cjOMeJe, paTou^ cocoa nuts/ ana monkeys of the Eng- 
lish tertiarieSy and the mastodons, elephants, rhinocerosefl^ 
h^popotami, crocodiles, and turtles of tne Paris basin, must 
have enjoyed a temperature similar to that of the present 
tropics. The beds of lignite bear evidence of a luxuriant 
vegetation for the support of so many huge graminivora; 
wmle the presence of birds, insects, and the nigher orders of 
mammalia, point to atmospheric and other vital conditions 
little different from those now existing. In fact, we find in 
the deltas of the Ganges and Niger — in their jungles, lagoons^ 
and swamps — ^in their elephants, hippopotami, and crocodiles 
— almost perfect analogies to those estuaries and shallow seas 
in which the tertiary strata of Europe were deposited. 

249. In an economical point of view y the tertiary strata are of 
considerable local importance. The celebrated burr millstones 
of France are obtained from the upper fresh- water siliceous 
limestones of the Paris basin ; some of the strata of which also 
famish marble capable of receiving a high polish. Marked b^ 
the numerous shells which are imbedded in it, this marble is 
by no means unomamental, and has been used in the con- 
8&action of the jets d^eau in the galleries of the Tuilleries. 
Many of the fr^-water limestones rapidly disintegrate on 
exposure to air and moisture, and, falling down to the state of 
marl, are used as manure ; while the ** crag" is occasionally so 
calcareous, as to serve the ordinary purposes of limestone. 
Pipe and potters' clay are extensively obtained both from the 
London and Paris basins ; the term plastic, applied to the 
lower beds, being derived from the circumstance of the clay 
readily receiving the mould or form of the potter (Gr., plassOy 
I form). Gypsum T sulphate of lime) is perhaps the most 
valuable member of the deposit ; it is found abundantly in the 
Paris basin, and when calcined, reduced to powder, and kneaded 
with water, forms the well known planter of Paris so exten- 
fiively used by image-makers, plasterers, stereotype-founders, 
and othersi Gypsum has also been recently applied as a top- 
dressing to crops, and as a fixer of the volatile principles of 
organic manures. Lignite (Lat., lignum^ wood), or wood-coal, 
is found in some tertiary districts, the only deposit of impor- 
tance in England being that of Bovey Hayfield, near Exeter. 
Amber frequently occurs with these ugnitic beds, and appears 
to have been a gum or gum-resin exuded by the trees with 
which it is associated. 



EXPLANATORT NOTE. 



THsaoin anikals. — The termination ikerium (Ghr. therion^ a. ^irlH 
beast) is adopted in geoloigy to designate cexta^ ^^^sfiiafiA cJi l<w^ 
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muomalia whose stnicture Hod habits have not jet been fully sits- 
blLsbed by anatomiBta. Tho indindual Bnimalg are chaiBiiteriBed b; s 

Cfii which sppliee to aome peculiarity of fbim, the place where 
nd, or the name of the diBcoicrer. Thus we have the (feinotherium 
(terrible wUd beast) ; tho potentherium (anoioDt) ; tho onopfctherium 
<unanneil, having no weapons of defence) ; the m^athcrium (frreat) j 
the eWnatherium (from the Uminated etnicture of its teeth) ; tbe 
mtttraootherium (found in the lignitic bods) i the comotherium (recent) { 
the iivotbedum (found in the Sivalio range of the Himmalehs) ; &a. 
Though most of these Rnimsls are found in tertiary deposits, it would 
appeal that some, such as the megatheriuta, outlived that era, and 
oontinned inhabitants of the globe long after the commencement of 
tile mnent epoch. 



SUPERFICIAL ACCUMULATIONS. 

260. Jfler the deposition of the Tertiary Strata, a great 
change took place in the relative distribntion of land and 
ocean. Most parts of Europe, America, and the other contmentB 
were elevatM above the waters ; other regions seem to have 
been submerged, and an arrangement of physical conditions 
CBtablished not differing widely from those now existing. But 
these new conditions did not for an instant arrest the degrading 
and transporting power of water, the wasting eflects of the 
atmosphere, the disturbing efforts of volcanoes, or the pro- 
gressive development of organic life : the same agents which 
had exerted themselves, from the beginning of time, in modi- 
fying the physical features of the world, continued their 
career, only differing; in power and degree according to this 
iTiingeraent. ilius, nctumulations of saml, gravel, clay. 
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1. Deposits now in progress, and depending upon ordinary canscs. 

2. I^ose whose origin depended upon ordinary causes now dormant. 

3. Those which owe their origin to extraordinary causes now dormant. 

A dasBtfication of this kind, however, is attended with so many 
difficulties, that it is next to impossible to adopt it with any 
degree of accuracy. For instance, it is often very difficult to 
dirtinguish the gravel of some ancient lake, containing bones 
of the stag, elk, and elephant, from true tertiary strata ; and 
who shall decide whether certain inland ranges of sand and 
eiavel arose &om extraordinary or ordinary causes \ Again, 
in many valleys alluvial matter has been accumulating from 
the time that they received their existing configuration up to 
the present day, thus making the most ancient and most recent 
of such deposits depend upon one long-continued and progres- 
sive agency. Furtner, an iceberg laden with rock debris and 
boulders, strewing its burden, as it melts away, along the 
bed of the ocean, is an ordinary operation ; yet were the 
bottom of the sea, with its mud, gravel, and immense boulders, 
to be elevated into dry land, appearances would present them- 
selves which geologists would be venr apt to ascribe to violent 
and unusual operations of water. Under these circumstances, 
the more philosophical mode of treating the Superficial Accu- 
mulations will be to adopt no classification which involves 
either the time, the ordinary or extraordinay cause of their 
formation ; but simply to treat them in succession according to 
their composition, or the agents obviously employed in their 
deposition. Following out this view, the principal agencies 
and their results may be arranged as under : — 

AgMckt, Nature of Accumidations, 

r Erratic blocks or boulders ; dark tenacious claysn 
DETRITALb -! Ossiferous gravels, sands, and pebbly clays, 
l^ Ossiferous caves, fissures, and breccia. 
( Raised or ancient beaches ; submarine forests. 
BCARINB. -I Marine silt, sand-drift, shingle beaches, &c. 
(^Submarine deposits and accumulations. 
'Terraces on valley sides, marking successive water* 

TTjUVLATIIiE - levels. 

' I Valley deposits, consisting of river sand, gravel, silt, &c. 
^Deltoid or estuary dei)osits, ancient and progressive. 
C Sites of ancient lakes now silted up with various debris. 
LACUSTRINE. X Marls, such as shell, clay, and calcareous marls. 

1^ Lacustrine silt, and accumulations now in progress. 
'Calcareous — calc-tuff, sinter, travertine, stalactites, 

and stalagmites. 
Siliceous and aluminous deposits from springs, &c 
Saline and sulphurous deposits &om springs, from the 

sea, volcanoes, &c. 
^Bituminous exudations, pitch \aVLe&, &c 
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fTe^etabto— peat-mowes, junglea, TegeUble drift. 



EuthquAes — clerations aud dcprcB^ODB, &a. cuued 

by 
VoloanoeB— elevationB, dtsraptions, snd other ohangra 

cuiiaed bv 

if lara, scoiiie, dnat, 8m, 



DiBChaTgee and aGCDmulatioi 



The aliove sjnopsis comprises all jnaasea of matter which pro- 
duce Bay sensible modification of the earth's surface ; otbei 
accnmiJatious than these must he of a retj local and limited 
description. 

EBZAnC BLOCK, OB BDDLDEB, OBODP. A 

252. The termt " erratic block group," " bouldtr formation^' 
" diluviam," and " diluvial dH/l," are indiscriminately given 
by geologiats to a thick mass of dark tenocioua clay which 
overlies extensive districts, intermingled with nmneroaa 
houlders having a rounded and water-worn appearance. There 
is nothing like regiilarity of deposit iii this formation, unleaa 
it maj be said that it attains the greatest thickness and oni- 
fbrmity of composition on extensive plateaus like those of the 
«oal meaButee, at the eastern extremity of certain valleya, 
and on the south-eastern flank of hills belonging to tho 
secondary period. The clay is generally of a dark bln« 
colour, though in some localities it assumes a reddish hue. 
There are no lines of lamination in the meat, and no appear- 
e districts ivhere there is a 
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253. Betides these patches which are interwoven with the clay^ 
there are independent accumulations of gravel, and mbbly 
maases of rock-fragments^ whicli seem to have been formed 
contemporaneously with the boulder-clay, and by the same 
agency. In Britain such accumulations generally occupy 
the eastern extremity of longitudinal Talleys, wnere they 
ffOjCL curious ranges of flat-topped hillocks ; abut against the 
base of some mountain ; or gather, without regard to any 
ordeir of arrangement, along the eastern flank of those trap 
hills which present a bold front or '* crag" to the westward. 
They are found for the most part in more open situations than 
the clay, as if they had been arrested in tneir progress east- 
ward by prominences and shallows, while the clays were borne 
to deeper and more sheltered recesses. Like the dark clays, 
they are destitute of organic remains, their larger pebbles are 
denyed from primitive rocks, interspersed with fragments of 
sandstcme, shale, and coal from the secondary formations. 

254. To account for the origin of the group thus describedy 
many theories have from time to time been advanced, of 
which only two deserve notice, as being at all adequate to 
the purpose intended. The first is that which supposes a 
set of powerfdl currents to have passed over Britain and the 
adjoining continent ; these currents taking a course from the 
north and north-west towards the south and south-east, and 
flweeping before them clay, sand, gravel, and loose blocks, 
whicn were deposited, as the force of the waters abated, 
without any order or arrangement. How long the currents 
continued, theorists do not aver; but from tne water- worn 
aspect of the boulders and gravel, an indefinite period is al- 
lowed. With respect to the direction of the drifting force, little 
doubt IB entertained, for many reasons : — 1. Blocks of granite, 
gneiss^ &c which must have been derived from the Gram- 
pians^ are found scattered alone the eastern lowlands of Scot- 
land; primitive rocks from the Lammermuir and Cheviot 
laitt^es are detected in the vale of the Tweed and in Northum- 
berland ; others from the Cumberland mountains are widely 
dispersed over Durham and the east of Yorkshire ; boulders 
from the Welsh range ore found in the midland counties of 
England ; while the erratic blocks of Friesland and Germany 
point to me Scandinavian ridge as the source from which they 
were derived. 2. Those hills which range east and west have, 
without exception, their western brows swept bare, while their 
eastern flanks are thickly strewed with gravel and boulders. 
3. Many accumulations of gravel bear evidence of their having 
been piled up by a force from the north-west. 4. Blocks evi- 
dentiy derived from the outcrops of certain strata aro o€^ft!^ 



found among the debris b few yards to the south-east, showuig 
clearly that the transporting power passed over them from ths 
north-west, 5. The supposed currents have been modified in 
their direction by ranges of hills, so as to set the volume of 
water with greater rapidity down the valleys which lie be- 
tween them, as the greatest accumulations of drift and 
bonldera are found at the eastern extremities of such gorges 
Bnd valleys. But while no doubt is entertained either as to 
the agency of water in the formation of these accumalationB, 
or as to the direction in which the waters flowed, great diffi- 
cnlty is felt in conceiving any current sufficiently powerful to 
sweep before it blocks of several tons weight, and that over 
heights and hollows for many hundreds of miles. Indeed it 
seems impossible to reconcile the theory of violent currents 
with the phenomena presented ; for, granting the occurrence 
of some extraordinary cataclysm, during which the waters of 
the ocean were thrown over the land, the currents must have 
abated in velocity as they drew to a close, leaving the detritus 
to arrange itself more In accordance with the laws of gravity 
than what ia exhibited in a mass of clay and boulders. 

266. TAe second theory supposes that those portions of Europe 
now covered with erratic blocks were submerged after tne 
deposition of the stratified formations ; that this submergence 
was caused by some extraordinary revolution in the planetary 
relations of our earth ; that it was accompanied by B change 
of climate, and other terrestrial conditions ; that while in this 
state, icebergs and avalanches formed around the earlier moun- 
tains which were still left above water ; and that these ice- 
bevKS, as they were loosened from the shore by the lieat of 
■, and floated southward by the currents of the oi 
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to this theory, it is easy to account for the south-eastward 
direction of me drift, for the Polar Ocean still maintains its 
great southward current to the equatorial seas, modified, 
undoubtedly, in its course, by the inequalities of the bottom 
oyer which it passes. The chief difficulty to be obviated is 
the temporary diminution of temperature which the north of 
Europe must have then experienced; and this can only be 
accounted for by some derangement in. the planetary relations 
of our globe. 

256. Both theories are beset with many difficulties, and though 
the latter accounts more satisfactorily for most of the pheno- 
mena of the erratic block group, still there are many points 
respecting the distribution and extent of the deposit to be 
investigated before either can be finally adopted. All that 
can be affirmed in the present state of the science is the com- 
position and nature of the clay, gravel, and boulders, as above- 
described — the course of the currents concerned in their depo- 
sition — ^the &ct of the land having a configuration of hill and 
valley not differing much from what now exists — and the 

rtuliar scantiness, if not total absence, of organic remains, 
the latter theory be adopted, it is easy to perceive how the 
soft bottom of the ocean, as it was elevated into dry land, would 
be furrowed and channeled by the receding waters — here being 
swept bare of its mud, but retaining the boulders ; there being 
covered by accumulations of transportable clay and gravel ; 
wlule the deeper hollows being left undrained, would form 
lakes and morasses, which were in turn to be silted up by 
subsequent material. 

OSSIFEROUS SANDS AND GRAVEL. 

257. Next in point of antiquity tOy if not contemporaneous 
yffith, the clays and boulders of the preceding group, may be 
ranked those ossiferous sands and gravels found scattered at 
intervals over the valleys of Britain, the continent of Europe, 
and the river plains of North America. They are termed 
ossiferous (Lat. os, a bone, and fero, 1 bear), from their con- 
taining bones of elephants, hippopotami, horses, bears, deer, 
and other animals, which belong to existing species, but do not 
now inhabit the regions where these remains occur. For in- 
stance, large portions of England, Wales, Scotland, and Ireland 
are covered by irregular accumulations of rounded pebbles 
snd gravelly sands, in which are found bones of the elephant, 
hippopotamus, &c. none of which have been known in this 
country within the historic period. In similar deposits the 
skeletons of elephants and mammoths have been dvsAOi^^t^^^Vs^ 



Siberia and the north, of Europe ; the bonefl of the mammoth, 
mattodon, and megatherium in America ; and even among the 
Eaquimanx of the Polar seas Captain Sobs and Mr Simpson 
obaerred platters foshioned from the fossil grinders of these 
giMntic nminr pft li n , Neither at present, nor throughotit the 
whole historic period of four thousand years, have any of 
those countries been in cHiditioDs of cUmOite to support such 
hu^ graminivora, and therefore geologists are compelled to 
assign a very remote and ancient origin to the gravels in 
which their relics are entombed. 
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chancter of the pebbles enables the geologist often to decide 
with certainty as to the quarter from whence they were 
drifted ; and in Britain this generally corresponds with that 
from which the erratic blocks were derived. Like the 
botilders, the great mass of the pebbles are from primitive 
locks^ interspersed with secondary sands, rolled flmts, and 
calcareous cement. The imbedded bones are more or less 
Impregnated with iron and lime, are harder and heavier than 
recent bone, but never so much petrified as to obliterate the 
bony structure. The gravels have all a light ferruginous 
tin^ and can only be distinguished in certain localities from 
true tertiary gravel by the recentness of their fossils, or by 
some circumstance of position or mode of aggregation. 

259. Much uncertainty prevails with respect to the origin and 
aggregation of these ossiferous sands and gravels. Many of 
uem are no doubt local, and have been formed by the action 
of rirerB, the silting up of lakes and other extensive shallows ; 
and could such be separated from those which appear to 
have been accumulated by some very powerful and extensive 
agency, the task were greatly simplified. Unluckily, however, 
this seems to remain an insuperable difficulty, so that geolo- 
gists are compelled to class together all deposits of ancient 
osraferous gravel into one group, without much regard to the 
agencies concerned in their accumulation. This grouping is 
rendered still more indefinite by the assertion of some eminent 
geologists, that ossiferous gravels have been found underneath 
the erratic boulder clay, containing the same kind of bones 
"with those above it. Should this be the case, it would tend 
to establish the theory, that the ossiferous gravels and erratic 
blocks took their origin from the same set of unusual causes ; 
that they belonged to an era which was posterior to the ter- 
tiary, and prior to the existing arrangements of nature ; and 
that before this epoch, which was of considerable duration, 
many of the tertiary races had died away, and been succeeded 
by others, most of which still exist, though now extinct in the 
regions where they then flourished. 

OSSIFEROUS CAVES, FISSURES, AND BREOaA. 

260. Bdonging to the same era with the ossiferous gravels^ 
and only here separated for the sake of perspicuity, occur 
numerous caverns and fissures filled with the bones of ele- 
phants, rhinoceroses, hyenas, bears, deers, and other animals. 
These caverns are found in England, France, Belgium, Ger- 
many, along the coasts of the Mediterranean, in North America, 
and in Australia. They are situated ahnoat eisAVa&v^^V} Ssx 
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thick strata of limeBtone, a rock ]jeculiarly linble to be fissured 
and worn out by the action of springa and subterranean waters. 
Among the mud of these ancient carems, or covered over with 
calcareous incrustations, lie the bones of land quadrupeds per~ 
fectlj preserved, and capable of being compared with exifAing 
races. " The result," says Professor PhUbps, " is extreipely 
remarkable : instead of a large proportion of the existing 

fecies of animals, which, during tlie early periods of history, 
not in later times, might have been expected to fall into 
Assures, retire into caves, or he dragged by wolves to their 
dens, we find tbe greater number of bones to belong to ele- 
phants, large feline animals, the rhinoceros, hippopotamua, 
elk, hyena, indiscriminately entombed with oxen, deer, and 
many smaller animals." Masses of bones are also found filling 
£ssures and other openings in rocks, mingled with pebbles, 
mud, fragments of shells, &c. To such accumulations the 
term ossmas breccia is applied, from the fragmentary nature of 
the compound. 

261. The numler of ossiferous caverns is veiy great, but 
we can only allude to those which occur in Englani In 
general they are situated on tbe limestone escarpments of the 
secondary hills, or on the ten'aced side of some valley. In the 
laUer case, they are considerably above the e^cisting bed of the 
valley, though at one time they must have been on a IbfbI 
with the waters which occupied its expanse. The most cele- 
brated are BanweU Cave and Uutton Hole in the Mendip 
hills, Dream Cavern near Wirksworth, Peak Cavern in Nitt- 
derdale, Kents Hole at Torquay, and Kirkdale Cave in York- 
shire. The latter h& been thus described : — " Kirkdale Cara 

BJtuated about t»'eiitv-iive miles nortli-eoat of York, above 
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irr^falarly into bosses, lay beneath the feet. This being 
broken through, yellowish mud was found about a foot in 
thicknesa, fine and loamy toward the opening, coarser and 
more sandy in the interior. In this loam chiefly, at all depths, 
from the surface down to the rock, in the midst of the stalag- 
mitic upper crust, and, as Dr Buckland expresses it, * sticking 
through it like the legs of pigeons through a pie-crust,' lay 
multitudes of bones of the following animals : — 

Garniyoba — ^hysna, tiger, bear, wolf, fox, weaseL 
Pachtpermata — elephant, rhinoceros, hippopotamus, horse. 
RuMiNANTiA — ox, three species of stag. 
BoDENTiA — ^hare, rabbit, water-rat, mouse. 
Birds — craven, pigeon, lark, duck, snipe. 

The hyaena's bones and teeth were very numerous — ^pro- 
bably two or three hundred individuals had left their bodies 
in this, caye ; remains of the ox were very abundant ; the 
elephants' teeth were mostly of very young animals ; teeth of 
hippopotamus and rhinoceros were scarce ; those of water-rats 
yery abundant. The bones were almost all broken by simple 
fracture, but in such a manner as to indicate the action of 
hyenas' teeth, and to resemble the appearance of recent bones 
broken and gnawed by the living Cape hyaena. They were 
distributed * as in a dog-kennel,' having clearly been much dis- 
turbed, 80 that elephants, oxen, deer, water-rats, &c. were in- 
discriminately mixed; and large bones were found in the 
narrowest parts of the cavern. The peculiar excrement (album 
grtecum) of hysnas was not rare ; the teeth of hyaenas were 
found in the jaws of every age, from the milk tooth of the 
young animal to the old grinders worn to the stump : some 
of the bones were polished in a peculiar manner, as if by 
the trampling of animals." 

262. The conclusions to be drawn respecting these ossiferous 
caverns are — 1. that some of them formed the dens of raven- 
ous animals, like the wolf and hyaena, which dragged in the 
carcases of other animals, and feasted upon them in quiet, 
leaving the bones to be covered in process of time by incrusta- 
tions of calcareous matter ; 2. that others were partially filled 
by these means, and partly by the drifting in of bones and 
dead animals by some extraordinary inundation ; 3. that many 
(fissures especially) were filled by the same drifting process, 
or by the accidental falling in of the animals ; 4. that several 
appear to have been used during successive ages as retreats for 
ammals of all kinds, and even for man himself, as remains of 
savage life «re found in caverns, the floors of which are 
formed of calcareous incrustations, mud, and the bones of 
animals extinct long before man made hia api^^ax^ii^^. 

K 



OE Bowlders — b, term EeDcr&Ily applied to rounded 
maues of stone ijing on the Bnr&ce, or loaeel; imbedded in the Bab- 
soil- Bouldera are found of all eizea, those of granite, aycnile, anit 
primitive greenstone being tlie laigtst, and often wdghiDg m>m tea to 
thirty tons. 

DiLUTicH. — The terms diluvium, alluvium, aud colluTium, ate to ba 
found in all gcologiosl worhn, but the diatinctions made between them 
are oilen not yetj obvious. CoUiniiim (Lat., cat, together, and bo, I 
wash) a meant to apply to masses of detrital matter washed together, 
without bmting at the nature of the force by which they were aoou- 
mulated Alluj^iam (hat, ad, to) is generally applied to matter brought 
together by the ordinary operations of water, Buch as liver eilt j while 
dwivBtm (Lat. die, asunder), on the other hand, is regarded as im^Jying 
the eitraordioary action of water. In this sense diluvium wa* at one , 
thne testricted to those aecnmulatiana of gravel, &c. supposed to havfl 
been the oonsequenee of the Deluge ; but it has now a wider significa- 
... . .1 — !._■__ .^ppj5g^ to gii masses apparently the result of 



tion in geology, being appli 
powerful aqueous ageney. 



M0BJ.INES — the name given in Switserland to the longitudinal 
deposits of stony detritus whieh are found at the bases and along 
the ei^es of all the great glaciera. The formation of these aconmola- 
tiona is thus cxpliuned by Ptofessor Agassiz : — The glaciers, it is well 
known, are continually moving downwards, in conBeqoenee, probably, 
c£ the intnduodon of water into their fissures, which, in freezing, 
expands the mass ; and the ioe being thus loosened or detaehed bom 
the rooka below, is gradually pressed forward by its own weight. In 
eoDsequence of this motion, the gravel and fragments of rocks whieh 
fUI upon the glaoiers from the sides of^tbe adjacent mountains are 
Booamulated in lonptudinal ridges, or morouief. 

Osseous HB£ccii. — Any rock composed of an agglutination of anguki 
esignntcd by the Italian word hraiia; and when frae- 
' ■' Linglcd with the i 




RAJSED BEACHES — BUBMJLRINE FORESTS. 163 

pofiBible to mistake for any other appearance. Where an ele- 
vation of the land takes place, this beach will form a terrace 
composed of sand, g^yei, and other marine debris, ranging 
more or less parallel with the new line of coast : sach terraces 
are known by the name of raised or ancient beaches. But 
the earth's cmst is as liable to depression as elevation; and 
though depressions are not so obvious, in consequence of the 
overflow of the ocean, still, in certam localities, the ebbing 
tide exposes the stumps of trees and other terrestrial evidences 
of these districts having at one time formed dry land. Phe- 
nomena of this kind are known as submarine forests, and are 
classed with ancient beaches, as showing the depressing and 
elevating forces to which the terrestrial crust is stul subjected. 
264. Baised beaches have been discovered in many parts of 
the world; in some, evinced by a single terrace, in others, 
by a succession of terraces. Several of these beaches are 
comparatively recent — as the Chili upheave of 1822, and the 
TJllah Bund at the mouth of the Indus in, 1819 (par. 74) — and 
are obviously the results of local earthquakes and volcanic 
eruptions. Others are of more ancient date, though still 
coming within the historic period ; while most of the higher 
terraces evidently belong to the dawn of the present geological 
era. Examples of such phenomena occur in the valleys of the 
Forth and Clyde, and along many parts of the coast of Scot- 
land. One terrace, ranging from 40 to 60 feet above the 
present sea-level, is very continuous, and contains the shells of 
the limpit, whelk, cockle, common buccinum, and other 
existing q)ecies. It forms the plateau on which many of 
our modem sea-ports are situated, and preserves an outline 
generally parallel with the existing shore. Traces of a lower 
terrace, ranging from 6 to 15 feet above the present high- 
water mark, occur at several points on the eastern coast ; but 
doubts are entertained whether it might not be the result of 
other causes than terrestrial elevation. As in Scotland, so in 
England evidences of a former sea-beach have been detected 
along the coasts of Lancashire, Yorkshire, and Durham, in the 
valley of the Mersey, and in the Bristol Channel. The same 
terraced appearances, with the remains of existing sea-shells, 
are found on the coasts of France, Portugal, Sicily, Greece, 
Norway, Sweden, and other parts of the European sea-board. 
In the Mediterranean, one terrace, nearly 50 feet above the 
sea, and full of shells, is discernible at many distant parts of 
the shore ; on the coast of Norway, accumulations of marine 
shells are found nearlv 200 feet above the existing beach ; and 
along the borders of tne Baltic, well-defined plateaus of marine 
detritus occur at elevations varying £rom 50 t^ \^ i<^<iX>« ^iSl 



164 OBOLOor. 

these examples, witli many others which nught be adduced 
from the coasta of South and North America, point to succes- 
Bi»e elevationa of the lEind, analogous to thoae by which the stra- 
tified formations were raised from their seas of deposit into 
open day. The remains found in the gravel and sand of these 
beaches are chiefly shells belonging to species now inhabiting 
the ocean, thongh a careful examination detects varieliet 
apparently extinct. The more elevated terraces, like thoae 
olScotland and Scandinavia, are evidently of great antiquity, 
and where they occupy wide expanses in ancient firtha and 
bays, are apt to be mistaken by the superficial observer for 
true diluvial or even tertiary gravels. 

265. With regard to the origin 0/ submarine forests, geolo- 
^ts are somewhat at variance — one class of theorists ad- 
rancing such phenomena as evidences of submergence, another 
contending that they merely occupy low flat distriota,' which 
have been successively lost and won hy the sea. Without 
advocating either hypothesis, it may be stated that the sites of 
these so-called foresta ore generally flattiah districts a few feet 
under the ordinary sea-level, and when exposed after a storm, 
or during ebb tides, present a series of half-fossilised stumpy 
with their roots imbedded in a stratum of dark-blue clay, evi- 
dently the soil in which they grew. The stumps have under- 
gone various degrees of petrifaction, and many of them are 
also incruated with iron pyrites. Phenomena of this kind have 
been detected in the estuary of the Tay, in the Firth of Forth, 
on the coast of Hampshire, and other places — proving, to all 
appearance, that the land in which they grew nad been sub- 
' ' ncath the ocean. Tliose who opjiope this view, sup- 
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were instnimental in modifying its surface during the deposi- 
tion of the earlier formations. The results of existing forces 
may be insignificant when compared with those of former 
penods, but they are precisely analogous. An elevation of 100 
feet may produce a very narrow terrace of gravel, where the 
land shelves rapidly beneath the water ; but where the sea is 
shallow, as in most bays and estuaries, it *will lay bare thou- 
sands of acres composea of mud, clay, sand, gravel, and marine 
exuviffi. A new formation would thus be constituted as pecu- 
liar and as characteristic of its era and origin as the tertiary 
or any other system of strata. 

MARINE SILT, SAND-DRIFT, SHINGLE BEACHES, &C. 

267. Under the term *^ Marine SUt** is comprehended all 
thoee masses of sand, mud, clay, gravel, &c. which are still in 
progress of accumulation along the existing shores of the 
ocean. Waves, tides, and other oceanic currents, are the forces 
by which they are collected and arranged, although a great, 
perhaps the greater, proportion of the material is derived from 
the kmd by the ceaseless transport of streams and rivers. It is 
necessary, however, to form geological distinctions between 
marine, ^uary, river and lake deposits, as far as practicable, 
according to the agency more immediately concerned in their 
aggr^gabon ; for it is only by so doing that we are enabled 
to account for the peculiarity of their organic remains, and 
therefrom to form correct ideas respecting tne character of the 
earlier formations. Along the entire shore of the ocean, drifted 
matter is always more or less accumulating ; scantily around 
headlands and exposed places, where the sweep of the tidal 
current is powerful ; abundantly in sheltered bays and recesses. 
Of the extent of such deposits it is impossible to form any- 
thing like a correct estimate, travellers and voyagers having 
hitherto directed little or no attention to the geological features 
of the countries which they visit. Instances of marine silt 
are afforded by the sands of Tentsmoor and Pilmoor between 
the Tay and St Andrews in Scotland, by the "warp" yearly 
reclaimed near the mouth of the Humber, the fens of Lincoln 
and adjoining counties, the extensive sands and marshes near 
Yarmouth, the Chesil bank at Portland, and the flats of 
Somerset and Gloucester on the estuary of the Severn. Some 
of these tracts are of considerable extent ; but they are insig- 
nificant compared with what has taken place in other regions. 
The isthmus of Suez, for example, which is now 27 miles 
broad, is said to have doubled its width since the time of 
Herodotus (4000 years ago) ; Tehama, a cowxi\.T^ QitL>i)afc ^^ 



Sea, haa increased from three to six milea seaward Bince the 
Christian era ; Tyre and Sidon, sea-ports mentioned in Scrip- 
ture, are now several milea inland ; handreds of square miies 
of Holland, and the other Low Countries of the continent, 
are the direct formation of the exiBting seas. 

268. 3aTid-dri/t ia so intimately connected with marine silt, 
that both may, without much impropriety, be considered as 
one deposit. When the latter is chiefly composed of sand and 
commmuted shells, ita surface, on being exposed by the ebbing 
tide, becomes so dr^ and lieht as to be easily borne about by 
the wind. Blown into slignt eminences and irregnlar ridge^ 
a portion of it is placed beyond the reach of the retummg 
tide, and this process, repeated year after year, gives rise to 
extensive flats of sand curiously blown into dunea or little 
hillocks, and scooped out into hollows or bunktrs. The seeds of 
the arundoarenaria(bent), elymus, and other maritime plants; 
soon spring up from this newly-acquired land, and bind it 
together by their long interweaving roots ; other species suc- 
ceed ; and thus, in process of time, a vegetable sward gathers 
over it, and protects it from farther removal. Such accumula~ 
tions are known by the name of sand-drijl, and are of all agea, 
from that covered by many inches of vegetable soil, and 
brought nnder the plough of the farmer, to the loose sand 
which was drifted up during the ebb of the latest tide. Con- 
siderable tracts of this sandy formation are to be found 
skirting the coasts of every country — at some places in long; 
narrow fringes, at others in wide expanses of many thonsaniu 
of acres. It is always at tllK bend of bays, in creeks, and other 
leg, sheltered by some headland from the sweep o" 
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coast by the conjoint action of the waves and tides. They 
oconr only along exposed districts, from which the sand and 
finer debris is swept onwards to the more sheltered recesses. 
The battering force of the waves during high storms is so 
powerful, that masses of shingle are often found from 4 to 12 
feet above ordinary tide-mark — ^leaA'ing appearances very per- 
plexing to the geologist who is unacquainted with the force of 
waves, the weight which stones lose when immersed in water, 
«nd the curious wedge-like arrangement which takes place 
among the individual pebbles. In addition to the forward 
motion imparted to these beaches by the waves, they are also 
subjected to the lateral current of the tides ; and thus some of 
them move onward along the coast with so perceptible a 
motion, that they have been designated travelling beaches. 
TVliere shingle is found at considerable altitudes, or in places 
BOW removed from the sea, it is apt to be confounded with 
diluvial matter ; but an attentive examination of the manner 
in which it is piled up, and the remains which it contains, will 
preyebt such a mistake. 

270. The fossils imbedded in marine silt, sand-drift, and 
shingUy all belong to existing races, though some of these races 
SXQ now extinct in the countries where their remains are 
found. Marine silt, in many places, must be as ancient as the 
time when the land and sea received their present configura- 
tion; and from the peculiar nature of its formation, must 
contain both land and marine relics — ^the latter, however, 
greatly prevailing. Scarcely any of the fossils are petrified ; 
most of them retain their usual structure ; and unless where 
the sands are highly calcareous or ferruginous, there is no 
such thing as induration among the materials which compose 
these deposits. 

SUBMARINE DEPOSITS AND ACCUMULATIONS. 

271. Submarine deposits are those which take place under 
the waters of the ocean, and are not subjected in any measure 
to littoral influences. Of such deposits geologists know 
scarcely anything with certainty, as few seas have been 
sound^ with a view to detect the nature of the material 
iiccumulating beneath. This only we know, that where 
soundings have taken place, mud, sand, shells, broken corals, 
&c. have been found, evidently deposited there by subma- 
rine currents, which are modified in their velocity according 
to the ineq^ualities of the bottom. Many of these current 
Are ascertained, and according to the regions whence they 
come, and over which they paaa, bo "s^iiim MXv^ tcl^&^tia^ 



be which they are depoBitin^ along the bed of the ocean. 
Thus, the two polar ciiirentB, as they direct their counie to the 
equator, carry with them icebere:a and floea laden with - the 
locks and grarel of the arctic and antarctic islands ; the gulf 
stream transports the eea-weeds, animal remains, and other 
debris of equatorial countries ; while the outward current of 
the Mediterranean deposits in the Atlantic the products of ila 
temperate regions. Alt these agents are unceasingly at work ; 
and thus strata are now in formation along the bottom of tfao 
sea which, if derated into dry land, would via in extent 
with many of the secondary systems. 

272. Submarine accumulation/ have been detected in th» 
Yellow Sea, which is rapidly shoaling, in the Gulf of Mexico, 
in the Caribbean Sea, the German Sea, and in other divisions 
of the great ocean. The latter, according: to Mr Stevenson, 
is deepest on the Norwegian side, where the soundings give 
190 fathoma ; but the mean depth of the whole hama may 
he stated at no more than 31 fathoms. The bed of this sea 
is traversed by several enormous banks, one of which, oc- 
cupying a central position, trends from the Firth of Forth in 
a nortn-easterly direction to a distance of 110 miles ; others 
run from Denmark and Jutland upwards of 105 miles to the 
north-west ; while the greatest of all — the Dogger I>ank — ex- 
tends for upwards of 354 miles from north to south. The 
mperficies of these enormous shoals is equal to one-fifth of 
the whole areji of the German Ocean, or about one-third of 
the extent of England and Scotland. The average height rf 
the banks measures about 78 feet, the upper portion of them 
■ tiil;,^ of find 
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Biyer-terTaces are in general of no great breadth, but sweep 
along the sides of the valley, looking at a distance like a raad 
embankment; hence the term *'paiallel roads" has been ap- 
plied to those observed in Glen Roy. Their surfaces are 
covered to a considerable thickness with sand and pebbles — 
showing the long-continued action of water at that elevation. 
In some valleys there are two or three successive terraces 
(see ^g-), marking the gradual declension of the rivers to their 
present level ; and not unfrequentl}'^ isolated mounds of grovel 
{d) stand out in the plain, of the same height with some of the 
terraces, as if these knolls had been shoals and sandbanks 
when the water occupied a higher level. 




a. Upper terrace ; 6, Lower terrace ; e. Existing river ; d. Isolated mound 
of gravel, of the same height with the lower terrace. 

274. Such terraces are found indiscriminately in all parts of 
valleys — at their heads, in their broad expanses, and in their 
estuaries. They are frequent where rivers . descend from 
mountainous districts, but not very distinct and definite even 
shotild the water have formed glens and valleys of erosion 
many himdred feet in depth. The reason of this is, that the 
sides are so steep, so liable to landslips and other waste, that 
the terraces gradually become obliterated, leaving the bank as 
one continuous inclination. On the sides of valleys, properly 
so called, the case is othierwise, the terraces being left level and 
distinct as on the day they were deserted by the waters. 
•These appearances would seem to indicate the existence of 
ancient lakes and other accumulations of water at a high 
level, which were either suddenly or gradually drained 
as the river cut through the barriers which produced them. 
Indeed, most of the valleys in our own island appear to 
have been at one time mere chains of lakes and morasses, now 
drained in consequence of the waters which flowed from them 
having gradually deepened their channels. This natural pro- 
cess of drainage is still going forward amid the swamps and 
lakes of other countries ; and it is therefore easy to conceive 
how terraces, beaches, or ancient water-marks are formed, and 
will continue to be formed, until rivers hav^ vfoxiv ^orwrv'^'sa 



no 

chaDnela to the lowest depth which the relative lerel of sea 
and land will permit. InatanceB occur in Glen Roj, in the 
valleys of the Tay, Eden, Tyne, Wear, Tees, Oubc, and other 
Britiah rifers, all of which present the same level shore-lika 
appearance. Similar terraces or beaches are found extending 
along large tracts in the vicinity of the great American lakes 
■ — ehowing that these " iresh-water seas," as they are not inap- 
propriately termed, at one time occupied a higher level, and 
thread over much wider areas. 



275. Deposit) in oalte^/s, as distinguished from those in lakes 
and estuaries, are of a very complex description. In general, 
they consist of clay, marsh-silt, sand, gravel, and ahingl^- 
according to the nature of the country through which the 
river flows. Bapid streams leave along- their banks only the 
heavier stones and grave), and carry all light and impalpable 
matter to their embouchurea. Sluggish rivers, on the other 
hand, deposit a great portion of their suspended impurities in 
the valleys through which they flow, thus forming inland 
tracts of alluvial soil. All rivers, however, are liable to 
sudden freshets, and as they wind and bend their way sea- 
ward, they tear up formerly-deposited matter — here piling up 
masses of shingle and bonlders, there mounds of sand, and 
again overlaying the whole with a covering of mad. Itis tiere- 
fbre impossible to say what was accumulated by the ordinaiy 
and what by the extraordinary operations of rivers, or to 
sepiirate the ancient from the inodorn. Again, most of 
"T vnlleva nocsllv termed JaliiB. liaughs. caraea, fic.) have 
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fireatantiaalty, and contain bones of the mammoth, elk, deer, 
hoise^ ox, bear, wild boar, wolf, and other animals now extinct 
in the regions where their relics are found ; others are stiU in 
progress, connecting the present with the past ; while some are 
now fiff removed from the agencies by which they were 
formed — the rivers having shifted their channels to give birth 
to newer formations. 



DELTAS AND ESTUAKY DEPOSITS. 

277. Of modem deposits, those formed in estuaries are the 
tnost perplexing to the geologist, on account of the numerous and 
often opposite agencies concerned in their production. The 
prevailing agent is the river at whose moutn they are accu- 
mulated ; and this brings down mud, sand, mvel, vegetable 
debris, and the remains of terrestrifd animals— during quiet 
periods the most impcdpable silt, during inundations the most 
heterogeneous mixture. Further, the deltas of rivers sub- 
jected to periodical inundations constitute, during the dry sea- 
son, low flat tracts full of swamps, lagoons, and mud islands^ 
which nourish the rankest jungle growtli^ gigantic reptiles 
and amphibia, beds of shells, and Sioals of &hes. During 
the wet season many of these plants and animals are swept 
seaward, or buried in situ, by the debris brought down by the 
current. Again, the sea acts in most^f these estuaries, running 
inland from ten to a hundred miles, and consequently depositing 
marine detritus and marine organisms amid those of a terrestrial 
and fresh-water character. The student cannot therefore fail 
to perceive how very complex the nature of such deposits must 
be, and how necessary it is to exercise caution in pronouncing 
what agent or agents were concerned in the formation of any 
individual layer. As in modem estuaries, so in those which 
existed in former times, and thus the difficulty arises with 
respect to the alternation of marine and fresh-water strata 
in tertiary basins, the mingling of fresh-water with marine 
organisms in the wealden, and the complication of terrestrial, 
fresh- water, and marine products among the rocks of the coal 
measures. Bearing these facts in mind, and carefully studying 
the formation of modem estuary deposits, the geologist is 
prepared to account for appearances in the older systems of 
strata, which would otherwise remain unsolved. 

278. Estuary deposits may be said to consist of irregular 
layers of mud, clay, sand, gravel, and vegetable debris, inter- 
mingled with organisms of terrestrial, freeh-water, and marine 
origm. When accumulated to such an extent as to constitute 
dry land, they form rich alluvial tracts oi d.\«^c\ wA\£K&fiit:s&. 
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appearance, decidedly prejiidieal to health, but favonrabla 
to the growth of the cultivated vegetables. In inland and 
Don-tidal seas, as the Mediterranean, Gulf of Venice, and 
Baltic, the agency of the rivers prev^ls, forming deltas end 
shoab which gradnally encroach upon the limits of the seas ; 
hut in tidal waters oceanic agencies are also at work, either 
assisting in the accumulation of estuary silt, or diatributine 
the debris brought down by rivers over areas far removed 
from their embouchures. The accumulations of this kind 
now forming are almost aa numerous as the streams which 
enter the sea ; but the notice of some of the more exten- 
sive is all that the limits of this treatise wiU allow. And 
here the student should bear in mind one essential difference 
between the older formations and those of existing estuaries ; 
namely, that among the former a great uniformity prevails, 
not only in mineral composition, but in the kind of oi^anic 
remains which they contain, thus evincing a uniformity of 
climate and other terrestrial conditions ; while among the 
latter scarcely two deposita present one feature in common. 
The Ganges, for example, bears down to its delta the spoils of 
the tropics — palms, canes, tree-ferns, bones of elephants, lion^ 
and tigers ; the Nile the scanty aquatic plants of Egypt and 
bones of the crocodile, the camel, and other domestic animals ; 
the Niger the hippopotamus, rhinoceros, and camelopard of 
Central Africa ; and the Mis^ssippi the pines, bufialoes, elks, 
and deer of North America. In subsequent ages, ^onld these 
deposits he elevated mto dry land, nothing could be more 
di^imilar than their organic remains, and yet we know that 
they belong tii one common period of formation. 

270. The niosC extensive denosUs ol'thia da^s are thoae of the 
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mouih of the Amaxon, we have less particular mformation ; 
but it is stated by Captaia Sabine, that its sediment dis- 
colours the waters of the ocean three hundred miles off shore. 
This sediment is constantly carried to the north-west as far 
as the mouth of the Orinocco, and thus an immense tract of 
swamp is formed along the coast of Guiana, with a long range 
of muddy shoals bordering the marshes — the whole being 
gradually converted into dry land. Although on a less gigantic 
scale) the deltoid deposits of Europe have, even within a very 
recent period, made considerable accessions to the land. During 
the 'last thousand years, that of the Rhone has gained upon 
the Mediten'anean from four to six miles. ^* Notre Dame des 
Ports," toys Mr Lyell, ** was a harbour in 898, but is now a 
league from the shore ; Psalmodi was an island in 815, and is 
now two leagues from the sea ; and the Tower of Tignaux, 
erected on the shore so late as 1737, is already a French mile 
from it.*' At the head of the Adriatic, the Po and other 
streams have borne down so much sediment, that '' from the 
northernmost point of the Gulf of Trieste down to the south of 
Bavenna, there is an uninterrupted series of recent accessions 
of land more than one hundred miles in length, which, within 
the last two thousand years, have increased from ten to twenty 
miles in breadth,*' 

280. Turning to Africa : lower Egypt is the gift of the Nile; 
and Herodotus estimates the sediments borne down by this 
river to be so abundant, that if diverted into the Red Sea, 
they would fill it up in ten thousand years. The Nile still 
transports its annucd burden of debris, but the seaward growth 
of the delta is prevented by littoral currents, which sweep it 
onward to other parts of the Mediterranean. The Niger pre- 
sents one of the best examples of modem deltoid deposits, and 
affords the geologist much insight as to the manner in which 
terrestrial, j&esh-water, and marine remains become imbedded 
in the same formation. This delta, as yet so imperfectly exa- 
mined, ranges along the coast for more than two hundred 
miles, having a beach of sea-sand slightly elevated above its 
general level. Behind this beach, stretching inland for more 
than one hundred and fifty miles, there extend vast expanses 
of swamp, mangrove-jungle, and mud islands, intersected by 
creeks, lagoons, and branches of the river. Over this expanse 
(annually inundated for several months) deposits of sand, clay, 
silt, and mud are constantly taking place, burying within 
them the remains of rhinoceroses, hippopotami, crocodiles, &c. 
which inhabit the jungle, terrestrial animals which the current 
transports from the high country, and myriads of shell-fish 
and other aquatic races which abound in the \b^*(^t\&. ^^^^, 



then, we have salt-water agencies pTevailins' for many leagnes 
inland during the dry seasou ; gigantic amphibia at all seasone ; 
shell-beds and Ibrmations of marl in the lagoons ; terrestrial 
miimnlH from inland ; jungles and morasses to form lignite ; 
and Band, mud, and gravel to form sandstone and shale. Shoald 
a period, therefore, ever arrive when the delta of the Niger 
shall become habitable dry land, appearances will present 
themselves perfectly analogouB to the tertiary formation, and 
one by whicn a flood of l^ht is thrown upon the fonnation 
of the coal measures. 

281. The delta of the Ganges, according to Major Hennel, is 
considerably more than double that of the Nile, occupying not 
less than an area of 44,000 square miles. That portion of it 
which borders on the sea is composed of a lahyrinth of liverv 
and creeks, alt filled with salt-water, except those immediately 
communicating with the principal branch of the river. This 
tract alone, known by the name of the Sunderbunds, is equal 
to the whole principality of Wales ; but from its recent 
aUuTial charaOter, is subject to numerous shiftinga, though 
ultimately settling down and shoaling up the Bay of Bengal, 
The quantity of sand and mud brought down by the Ganges 
is so great, that the sea only recovers its transparency at the 
distance of sixty miles from the coast ; thus not only adding 
now material to the shoals and islands of the Sunderbunds, but 
forming immense tracts of submarine strata at various depths 
&om four to seventy &thoms. As Egypt is said to be "the 
gift of the Nile," so may the great plam of China be considered 
as the gift of tie Soang-Ho, the Kiang-Koo. and their triba~ 
taries. The same agencies which formed tne habitable plain 
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the ^loffist to infer as to the maimer in wjiich the greater 
portion of the stratified systems were deposited. Their organic 
remains are numerous ; are partially fossilised, or differ little 
fiom recent wood, bones, and shells ; and all belong to yege- 
tables and animals which haye been placed upon the earth 
sinoe the commencement of the present geological era. Where 
tidal influences prevail, these remains are chiefly marine; 
where riyer inunoations predominate, they are fresh- water and 
terrestrial ; while others, as beds of oysters, &c. are of true 
estuary origin. 

LACUSTRINE, OR LAKE, DEPOSITS. 

283. By lacustrine deposits are meant those accumulations 
vMck have been collected in fresh-water lakes since the present 
order of things was established. Looking back to certain 
coal-fields, and to the fresh- water beds of the wealden and 
tertiaiy strata, we have almost evidence sufficient to justify 
the condnsion, that these beds must have been formed in 
lakes^ or at least in estuaries where quiet fresh- water influ* 
ences greatly predominated. Indeed it is impossible to con- 
ceive of a condition of the world without inland lakes^ 
morasses, and swamps, in which aquatic races flourished, shell 
marl was formed, and peat-moss accumulated. But the boun- 
daries of those ancient lacustrine deposits are now obliterated ; 
and all that the geologist can do is, to judge of the manner of 
their accumulation, and the nature of their contents, by com- 
paring them with similar deposits now occupying the surface 
of the earth, or still in progress of formation. 

284. Modem lake deposits consist of clay-silt, sand, gravely 
rolled pebbles, beds of marl, and accumulations of peat-moss* 
Gener^y situated in plains or hollows, surrounded by hills, a 
lake receives the waters and debris of several streams, and its 
quiet expanse performing the office of a great settling pool^ 
tne debns falls down as sediment, and the waters pass off by 
one outlet purged of all their impurities. This sediment^ 
collecting at the mouths of the streams, forms little deltas^ 
which gradually push themselves forward into the lake ; 
aquatic plants soon spring up on their surface, whose annual 
growth and decay constitute beds of peat ; fresh- water shell- 
fish and the calcareous debris of the sprmgs and streams collect 
in certam localities as marl ; and these various formations 
repeated and continued, in process of time shoal up the lake^ 
which forms a flat alluvial tract, swampy at first, but soon 
acquiring firmness and dryness for the purposes of cultiva- 
tion. Suted-up lakes are rife in thia co\ixv\xy oa ^^ ^^ >3^ 
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ether parts of the world ; they occnpy the central and wider 
parts of our dales and valleys ; and thougli all saperficial 
evidences of the lake be obliterated, the regular manner in 
vrhich the materials are distributed serve readily to distinguiah 
lacustrine from flaviatile silt. Respecting the extent of bui- 
iace occupied by lake deposits, it ia impossible as yet to form 
an accurate eBtimate, though it ia evident that the soil of moat 
inland valleys, both in this and ia other countries, is eom- 
poBcd of it. The prairies of North America, the pampas of 
South America, and the steppes of Europe and Asia, are 
regarded by many as the sites of lakes now drained or silted 
up ; and, considering their relation to existing rivers and valleya 
ot drainage, there ia ample foundation for the opinion. Con- 
uderable tracts uf alluvial land ore Bttll in progress of forma- 
tion along the bordets of most modem ^kes, whose sites,' 
under the double process of silting up and drunage, are evi- 
dently destined to become alluvial plains like those to which 
we have adverted. By drainage is meant that tendeiicy which 
livers issuing from lakes have to deepen their channels, and 
thereby not only to lower the level of their parent waters, but 
also to render them, from their shallowness, more liable to bt 
choked up by aquatic vegetation. 

28G. Of the various subsiancea computing lake deposits, marl is 
the only one whose formation deserves particular notice. This 
substance may be looked upon bs the limestane of the superficial 
accumulations, just as the chalk, oolite, }ias, i^echatein, moun- 
tdn limestone, and comstone, were the calcareous beds of their 
i«spcctJve formations. It occura in various states of purity, 
from a marly clay, which will scarcely effervesce with acids, 
^~ 1 filiell-marl containing from CO to IIQ per cent, of lime. 
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are still inhabiting the same lakes and marshes in which the 
deposit is found. Marl occurs irregularly interstratified with 
day-silt^ peat-moss, or gravel, and is dug for a^cultural 
purposes in many of the ancient lake-sites and alluvial valleys 
of Britain. 

286. The organic remains found in lacustrine deposits are 
chiefly fresh-water shellSy such as limnsea, planorbis, paludina, 
cyclas, myOy cypris, ancylus, &c. ; bones, horns, and other 
portions of mammaiia, as the stag, elk, deer, ox, horse, bear, 
roz, beaver; detached skeletons of birds; and drift or sub- 
merged plants^ of which oaks, pines, birches, hazels, reeds, 
rashes, and other vegetation commonly found in peat-mosses, 
are the most abundant. Human skeletons are occasionally 
met with; and canoes, stone battle-hxes, &c. of great anti- 
quity have been dug up from the silt of Loch Doon in Ayr, 
as well as from the shell-marl of Kinnordy Loch in For- 
fEurshire. All of these remains, whether plants or animals, 
belong to races now existing upon the globe, although some 

Cnera (as the elk, wild-boar, and beaver in Britain) may 
ve b€KK>me extinct in the regions where their exuvis are 
found. 

EXPLANATORY NOTE. 

Embouchuee — a term adopted from the French, signifying the 
mouth of a river, or rather that area over which its current spreads 
as it enters any sea or lake. 

Fbeshets, or land-floods, are sudden risings of rivers, by which 
they inundate their banks, and carry destruction before them. The 
term ddiaeie (firom the French d^fader, to unbar) is often used instead ; 
1»ut more properly means a rush of water, breaking down all opposing 
barriers, and carrying away and dispersing fragments of rocks and 
other debris. 

Valleys of erosion are those which have been formed by the 
abrading power of water. Rivers having a rapid descent graaually 
deepoi their channels ; year after year their banks are undermined, 
and £b11 into the current, until they have acquired a slope sufficiently 
gentle to render them stable ; but this stability is only temporary, for 
the deepening of the channel goes forward, causing the bank to assume 
a still more gentle slope, till in time a valley of considerable width is 
formed. Such are termed vaUem of erosion, in contradistinction to those 
produced by the silting up of chains of lakes, CBWsdifeU vcUleys, to those 
caused by subterranean sinkings, called vaUeys of dqpressUmy or to those 
originally formed by rents zxi^ fissures resulting from earthquakes. 

liAGOON (Lat., lacuna^ a morass) — a term originally applied to those 
creeks and j>ools which abound along the coast of the upper Adriatic ; 
but now employed to designate aU similar collections of water, in 
whatever region they occur. Lagoons are sometimes of considerable 
depth rthose enclosed by circular coral islands) ; but generally they 
are so snallow (those of deltas) as to emit noxioua eii)nSb\d\Anrcka. 



of North Aioericft ; and the 



Anierica. These pl^ns are variouely elosaifiedf accori^ff ' 
Dndalating, or swampy character of the sariace, the kind o 
they produce, and other obvioue appearanece- 



SUPERPICIAL ACCUMULATIONS— CONTINUED: 

CafttlCiX, *M> UIH&lI. DEFOSnS. 

S87- Urider Ihit head are compr^ieniied all those superficial 
accumulation of mineTal, saline, ot bituminous matter arising 
&om the action of aprings, evaporisation, sublimation, or other 
natural chemical processee. Such products are extremely 
numerauB ; but only a few of them exert a perceptible influ- 
ence in modifying the crust of the globe. Catc-tuff and eato- 
titUtr are deposited by calcareous springs after the manner 
described in par. 68. The former, as the name taff or (u/b 
implies, is a porous vesicular mass, soft when fiist deposited, bnti 
becoming hard on exposure to the air, so as to resemble marbla 
or alabaster. It is generally of a yellowish-white, and en- 
closes moss, twigs, shells, fragments of bones, and other debris 
that may be brought within reach of the spring by which it i» 
deposited. The latter, from the German word tintern, to drop, 
or from sinter, a scale, is more compact and crystalline, and has 
a concretionary structure, owing to the successive films which 
are daily added to the mass. Both are found around tlt» 
s an<l edges of caltai'cous springs, soiuetirat's spreadin: 
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formed by the river Anio at Tibur, near Rome, at San Yig* 
none in Tascany, and in other parts of Italy. It collects with 
great rapidity, and becomes sufficiently compact in a few 
years to form an excellent building stone. *' A hard stratum/* 
says Mr Lyell, ** about a foot in thickness, is obtained from the 
waters of San Filippo in four months ; and as the springs are 
powerful, and almost uniform in the quantity given out, we 
are at no loes to comprehend the magnitude of the mass which 
descends the hill, wmch is a mile and a quarter in length, and 
the third of a mile in breadth, in some places attaininp; a 
thickness of 250 feet. To what length it might have reached 
it is impossible to conjecture, as it is cut off by a stream which 
carries the remainder of the calcareous matter to the sea." 
Tavertine is a light, porpus, or concretionary rock, well 
adapted for arches and other structures where weight is objec- 
tionable ; it is for this reason that it has been used in the 
construction of the cupola of St Peters. 

288. Silicious and aluminous deposits derived from springs 
are of very limited extent — ^those produced by the Iceland 
geysers, and the thermal waters of the Azores, being the only 
examples deserving of notice. According to Dr Webster, the 
hot springs of the Valle das Furnas, in the island of St Michael, 
rise through volcanic rocks, and precipitate considerable 
quantities of silicious sinter. Around the circular basin of the 
largest spring there are seen alternate layers of coarse sinter 
mixed with clay, including grasses, ferns, reeds, &c. in diffe- 
rent states of petrifaction. Wherever the water has flowed, 
sinter is found rising eight or ten inches above the ordinary 
level of the stream. The herbage and leaves are more or less 
incrusted with silex, and exhibit all the successive stages of 
petrifoctioii, from the soft state to a complete conversion into 
stone ; but in some instances alumina is the mineralising 
material. Fragments of wood, and one entire bed, from three 
to five feet in depth, composed of reeds common to the island, 
have become wholly silicifled ; and a breccia is also in act of 
formation, composed of obsidian, scorise, and pumice, cemented 
by silicious sinter. The same kind of appeai'ances are pro- 
duced by the geysers of Iceland and several other thermal 
"waters. Where alumina and silica are held in solution by the 
same spring, the deposit produces an admixture called tripoli, 
so named from Tripoli in Barbary, where a similar compound 
of silica, alumina, and oxide of iron is abundantly obtained for 
polishing purposes. All the varieties of tripoli do not seem, 
however, to be derived from the same source ; for Ehrenberg has 
found the flinty portion of several varieties to be comi^oaed oC 
the sUicious coverings of animalcules. T\ie iani\, oi VoX ^^tvmj^ 



holding eilicB in solution, its converting organic matter into 
flint, and forming layers of tripoli and sinter, is of hirh im- 
portance to the g^logiat, as it furnishes him with data to 
Teason respecting the origin of the clialk-fiints, the occur- 
rence of layers and nodnfes of chert in liniestone, and other 
appearances among the alder stratified systems, 

289. Bituminotii emidaiionji — that is, springs of naphtha, 
petrolenm, &c — are very abundant in some countries, forming 
pools of fluid pitch and consolidated masses of asphalte, and 
impregnating Wers of sand, clay, &c. so as to render them 
inflanunable. Kaphtha, the most limpid of the bitumens, ia 
found exuding from the earth upon the shores of the Caf^ian 
and some other Eaatem countries. Kear the viUage of Amiano, 
in the state of Farma, there exists a spring which yields this 
substance in sufRcient quantity to illuminate the city of 
Genoa, for which purpose it ia employed. It is generally of a 
yellow colour, and is readily distinguished from other bitn- 
mens by its peculiar odour. Springs of petroleum, or rock oil, 
are found m Modena, Parma, Sicily, and other parts of 
Europe, in Syria and Persia, in the Burman empire, in Texas, 
and in Barbadoes, whence the appellation Barbadoet tar. It 
is a brown thickish liquid, and in this state readily mingles 
with loose rocky substances, so as to render their mass bitu- 
minous. On exposure to the air it becomes viscous or slaggy, 
and then constitutes mineral pitch, of which the lake of Iri- 
nidad, and that of Jefferson county, Texas, are well-known 
accumulations. Aepkalte diffeis Irom mineral pitch in being 
so much consolidated as t« he rendered brittle. It is found on 
the surface and banks of the Dead Sea, in Trinidad, Barbadoea, 
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, extenuYel V employed as a solvent for caontchouc, and is also 
occaaionftlfy used as a substitute for oil in lamps. 



PEAT-MOfiSES — JUNGLE — VEGETABLE DKIFT. 

. 291. Modem vegetable formations are commonly distin* 
guished as subterranean forests, peat-mosses, jungle, and vege- 
table drift, though it must be evident that in many. cases no 
real distinction can be drawn between them. Suhmarine 
fireMt9 have been already noticed (par. 265) as evidences of 
terrestrial submergence ; subterranean forests are those accu-^ 
mtdations of trunks, branches, and roots which occur inland, 
apparently produced by the inundation and subsequent silting 
up of low-lyine tracts, in which trees flourished abundantly. 
But as the subsequent silt is most abundantly composed of 
aquatic and other peat-formine plants, subterranean forests^ 
and peat'tnosses may be regarded as depending upon the same 
• agency for their production. It must be remembered, how- 
ever, that peat-bogs and mosses of very great extent are to 
be found in northern countries entirely destitute of trees, 
having been formed bv the annual growth and decay of the 
sphagnum palustre and other marshy vegetation. With re-* 
spect to the amount of vegetable matter derived from tro-^ 
pical jungleSy no accurate information has yet been obtained,. 
thougn analogy would warrant the conclusion that the result 
is too im^rtant to be overlooked by geologists. The same 
may be stud of vegetable drift, of which the rafts of the Mis- 
sissippi, already adverted to, a£Pord a striking example. It is 
therefore to subterranean forests and peat-mosses that the at- 
tention of the student is chiefly directed, these being by fai the 
most extensive of modem vegetable formations. 

292, Subterranean forests are found in estuaries now silted 
up, in ancient lakes, and under ordinary peat-bogs. When 
they occur in estuaries or in low alluvial lands adjoining the 
sea, they would seem to have been drifted &om inland by 
river inundations ; for most of the trunks and branches lie in 
such a position as to forbid the supposition that they grew in 
these situations. *^ A very interesting case of this kind,'' says 
Professor Phillips, "was exhibited some years ago by the 
deep cutting of a canal connected with the Aire and Calder 
navigation. At a depth of twelve feet from the surface of the 
fine alluvial sediment, here occupying the broad valley of the 
Aire, a quantity of hazel bushes, roots, and nuts, with some 
mosses, fresh-water shells, and bones of the stag, were met 
with. In some parts of the superjacent sediments aa\ 'Eav^>^ 
coin was founds and oars of a boat wei^ dw^ w^. "^Xv^x^ ^ 



little water entered this peaty and shelly deposili from the ad- 
jacent upper magnesian limestone, it produced in the wood a 
singular petrifaction ; for tlie external bark and wood were 
conTerted into carbonate of lime, in which the vegetable struc- 
ture was perfectly preserved. In like manner some of the 
nuts were altered; the aheil and the membranes lining it 
were unchanged ; but the kernel was converted into carbonate 
of lime, not crystallisei), but retaining the pectiliar texture of 
the recent fruit. In this particular esse no reasonable donbt 
ean exist that the peaty deposit, full of land mosses, hazel 
hushes, and fresh-water shells, was tnaler-moved, and covered 
up by Roe sedimenta from the river and the tide." As with 
the example now quoted, so witli numerous accumulations of 
trunks, roots, and branches of trees found in sil ted-up estuaries 
and in heads of bays both along our own coasts, the shores of 
the Baltic, and other sea-boards. Most of them have evidently 
been drifted thitlier by rivers and tidal influences, slthongD 
forests in some low tracts may have been oferthrown and 
buried by inundations of the aea. When subterranean foresta 
occur beneath lake deposits, or under ordinary peat-bogs, 
they point to causes by which the drainage of low woody 
Talleys has been choked up, and their surfaces covered witn 
water, so as to destroy the trees, and bury them by subse- 
quent accumulations of silt and peat-grotvtn. 

293. Peat — or turf, ae it is often called— is a natural aecumula- 
lion of venetabie matter, varying in age from last year's growth 
to that which was formed several thousand years ago, and in 
appearance from a loose fibrous mass of a brown colour to a 
dark and compact substance resembling lignite or broivn coal. 
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lated under certain conditions and in partienlar localities. 
!Ilieyare to be met with in almost all temperate and cold 
mom countries, whether in the northern or sonthem hemi- 
sphere. They occur abundantly in Scotland and England, 
and constitute a large proportion of the surface of Ireland. 
They occupy vast tracts in the Netherlands, Crermany, and 
BuGBia, as well as in North America and Canada, and are to 
he found in insular regions, as Shetland, Iceland, and the 
Falkland Islands. Of the absolute surface occupied by peat, 
we-have no accurate estimate ; but some idea of the geological 
importance of the formation may be formed from the fact, that 
one of the mosses on the Shannon is fifty miles long, and from 
two to three in breadth, while the g^at marsh of Montoire, 
near the mouth of the Loire, is not less than fifty leagues in 
circumference. Some of the Scottish mosses have been dug 
for fuel to the depth of twenty feet, and many in Ireland are 
reckoned at twice that thickness. It must be borne in mind, 
howeyer, that nearly one half of the bulk is made up of water, 
and that the mass can be reduced by compression to less than 
a fifth of its original thickness. 

2d4. The formation of peat, as has been stated, is confined 
to moist situations, where the temperature is low, and where 
y^etables may decompose without putrifying. It is thus 
found in swamps, and on declivities where sprino^s abound, 
idmost entirely composed of marsh plants; m the sites of 
ancient lakes, covering layers of gravely marl, silt, &c. and 
mingled with earthy impurities ; or in low tracts whose 
dbrainage has been choked, burying, and in part formed of, 
the.trunks and branches of trees which flourished upon those 
apot&.previous to their inundation. It increases with astonish- 
ing rapidity, instances having been known where fifteen 
inches m tmckness had been formed in twenty years. Being 
light and spongy, fully half its bulk is composed of water, and 
tnis retentive quality enables new races of plants to flourish 
lon^ after the surface of the moss has been raised above the 
dramage-level of the flat in which it occurs. When the mass 
has sufficiently accumulated to change its character from 
that of a shaking morass to a firm peat-bed, the marsh plants 
die out, and are succeeded by heath and other vegetation, 
which carry on the process of accumulation at a less rapid but 
49tiQ perceptible rate. Such is the ordinary mode of peat- 
growth, concerning which there ceui be no difference of opi- 
nion, for many of the accumulations are still in progress ; but 
respecting those collections of trees which are often found 
buried in the mass, geologists are far from being agreed. From 
the varied situations in which such collections oc^^xsix^ «& ^^^ 
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as from the diEFerent podtioiu in which the tmnkg sm found 
in the mBBS, it is evident that different agencies have been at 
work in their H^regation, In river valleys, the trees some' 
times appear to have been drifted, and subsequently silt«d 
up and covered by peat-growth ; in general, however, they 
have evidently grovrn vrhere they occur, and been proatrated 
either by natural or artificial causes. If, for example, the 
drainage of a wooded valley were obstructed, so as to render 
the soil wet and swampy, the further growth of the forest 
irould be checked ; the trees, deprived of their firm anchor- 
age in the ground, would be easily overturned by winds ; 
and aa they were prostrated, grasses, reeds, and marsh plants 
would spring up through their branches, and grow rank 
upon the nourishment afforded by their decay. This proatra~ 
tion of trunks and matting of vegetation would further ob- 
struct the drainage of the waters, so that in process of time 
the whole of the trees would be overturned, and the valley 
convei-ted into a swampy morsss. In such a morass peat 
planta would luxuriate till, by their own growth and decay, 
they reached a height beyond that of the drainage-level, when 
then? accumulation would cease, and a peal-moss be completed 
perfectly analogous to many of those in Ireland and Scotland. 
The sanie result would Follow whether the trees were pro- 
strated hy natural or artificial causes ; and there is evidenc* 
afforded by the trunks in many localities that they were felled 
by man at no very distant era. In the peat of Hatfield Chace, 
for instance, Roman coins and axes have been found, some of 
the latter etill fised in the vfoor! ; a medal of Gordian was found 
thirty feet deep in peat at Groiiinj^en ; and De Lnc liJis ascer- 
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l>efora they were fally enveloped in peat-growth ; showing 
clearly that though the whole face of a country were covered 
by prostrated forests, it would only be in marahes and peat- 
forming hollows that the trunks could be preserved from utter 
decay. 

2d6. Bespecting the antiquity of peat-mosses^ we can form a 
tolerably correct idea from the nature of their imbedded 
fossils. The most ancient have been formed since the sea 
and land received their present configuration, and since 
the latter was peopled by those animals which now inhabit 
It; for from none have we well authenticated specimens of 
greater antiquity than the existing elk, deer, wild ox, buffalo, 
&c. Indeed the greater proportion of European morasses are 
of comparatively recent formation, yielding the canoes and 
skeletons of the hair-clothed aborigines — the coins, axes, and 
other implements of their Roman invaders — the bones and 
horns of the elk, deer, ox, and other animals with which we 
are still familiar. Many have even been formed, as it were, but 
yesterday ; for we learn that the overthrow of a forest by a 
storm about the middle of the seventeenth century gave rise 
to a peat-moss near Lochbroom in Ross- shire, where, in less 
than half a century after the fall of the trees, the inhabitants 
dug peat. Whatever be their relative antiquity, they are all 
possessed of great interest, from the evidence which they 
afford of the rapid accumulation of vegetable growth, and 
&om the perfect manner in which their tannin or antiseptic 
principles have preserved the remains of man and the lower 
animals. We cannot look upon the vast collection of trees 
which they contain, without being reminded of a period when 
Britain was clothed virith gigantic forests ; on the rude stone 
hatchets, canoes, and skeletons of men clad in skins, without 
reverting to the condition of our earlier ancestors ; or on the 
coins, arms^ and other implements of the Romans, without 
associating therewith the means by which a rude and bar- 
barous country was reclaimed to culture and civilisation. 

296. The economical applications of peat constitute one of its 
most important features. Cut in rectangular pieces, and dried 
hj the heat of summer, it forms in many districts the prin- 
cipal fuel, not only for domestic use, but for burning lime, 
heating com and malt kilns, distilling alcohol, &c. To facili- 
tate the process of drying, the water is sometimes pressed out 
of the square pieces by a compressing machine, which also 
renders tne material more compact and durable in the fire. 
Peat is occasionally charred by a smothered combustion, 
which makes it a more suitable substitute for coal or coke in 
the smelting of iron and similar purposes. M\£)TXi^\& V«n^ ^^k» 



been miide to retract tannin from its taam, to be used instead 
of oak and larch bark in the preparation of leather. Decom- 
posed pest forms aa excellent mannre fbr certwn soils, and b 
now extensiTelf employed in modem ^ncnltnre. 

WJ. The animal accuTaulaliont of tfie present day, like thoM 
«f former eras, are chiefly discernible in the exuvifc of shell- 
&h and coral animalcules. It is true that the remains of 
fishes, insects, birds, and mammalia, are coUEtantly bein^ 
«itombed in the deposits now taking place ; but, in point of 

Quantity, these are too insignificant to constitute an indepen- 
ent stratum. Such remains must not, however, be over- 
looked, as their presence in any deposit will indicate to futare 
seologists the condition of the world under which the animals 
flourished, just as the fo^ls of older formations are the 
characters by which we can interpret the conditions of the 
past. Besides the gradual entombment of organisms which 
takes place in the ordinary course of nature, there are extrft- 
-ordinary causes by which hundreds and thousands of living 
beings are destroyed and buried in common ruin. The deso- 
lation of populous cities by earthquakes, the destruction of 
flocks and lierda by similar catastrophes or by river inun- 
dations, the death of shoals of fishes by submarine exhalations, 
the drowning of clouds of locusts, and the like, will present 
curious appearances in the accumnlations in which they an 
imbedded ; and it is necessary that the student slfonild b«W 
auch possibiUties in mind, otherwise he might be nnable to 
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in the mnddy bottoms of tidal estuaries, where the latter 
often fimn beds of two or three feet in thickness, and several 
milei in extent; while the oyster, at no great depth from 
the sea-shore, covers the bottom for many leagues, to the 
exclusion of all other genera. Should such estuaries ever be 
sUted up— and there is ample evidence of like occurrences-— 
these shells would form strata precisely analogous to those 
beds of shell-limestone which are found among the inferior 
eoal measures, the new red sandstone, and other rock forma- 
tions. Such, in fact, is the case ; and in many estuary and <» 
lacustrine deposits shell-beds present themselves partially con- 
verted into marl and limestone ; while in raised beaches they -^f*'^ 
invariably constitute the most interesting phenomena. (^ *» ^^^Jjjjfe 

299. One distinction between the position of ancient and recent ^^ 
^Ml-beds requires, however, to be specially adverted to. It* ___^ 
has been ascertained that various genera of mollusca live at StTTTir 
different depths, constituting zones of marine life analogous to ^f^^if* 
zones of vegetable growth on the side of a mountain. By this 
distribution certain families are littoral, others live at depths 
▼aiyinff from 100 to 600 feet, while few or any are found in 
1000 feet water. In general terms: testaceous animals are 
regulated in their distribution by depth, by the nature of the 
flea-bottom, and by the influence of submarine currents ; the 
number of families is greatest in shallow waters, gradually 
decreases as we descend, and &ially sinks to zero in the depths 
of the ocean. Such an arrangement corresponds with all our 
ideas of vitality : shell-fish can no more subsist under the pres- 
sure of extreme depth, absence of light and food, than plants 
can flourish in the thin cold atmosphere of highly-elevated 
regions. On examining the crust of the earth, however, strata 
whoUy and partially composed of shells are found covered by 
many thousand feet of rocks ; but as the animals by which 
the shells were formed could not have existed at such depths, 
we are led to the conclusion that these shelly beds were formed 
at moderate depths, that the bottom of the sea was subse- 
quently depressed, and received those sediments of which the 
overlymg strata are composed. Strata destitute of organisms 
do not therefore prove the non-existence of marine life at the 
time of their formation ; they may have been formed at 
depths so enormous as excluded the mingling of testaceous 
remains with their component materials. 

000. Coral reefs, already adverted to in pars. 85 and 86, are 
chiefly the production of the coral animalcule, and evince, 
by their magnitude and extent, the powers of organic agency 
in modifying the form and structure of the earth's cnist. As 
in the case of the sphagnum palustre and o\\v<»i \&<ax^'^^is)^ 
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whom growth and decay went to the formation of peat-mosa^ 
BO amQng' corele race after race departs, each leaving ita stony 
skeleton as a foandation for the operations of succeeding races, 
which are destined to make way in turn for still newer 
generations. According to Ehrenberg, the coral zoophyte may 
be regarded as a mere secreting membrane, having the powei: 
of gepanitmg caluareouB matter from the waters of the ocean, 
wherewith to fashion for itself an internal solid skeleton, of 
carbonate of lime. Aronnd and within the radiated pores of this 
framework the animalcule lives and propagates its kind, ex- 
panding itself in the moat brilliant colours during ita'sec«ting 
operations, and contracting and withdrawbg itself within the 
porea when alarmed by danger. Although often exhibitin|; 
the most beautiful hues — crimson, blue, and yellow — in their 
native element, the soft parts, when taken from the sea, become 
nothing more to appearance than a brown slime spread over 
the st«ny framework. These zoophytes swarm in incredible 
TminbeTS, and OTe of many 
genera and sub-genera — 
each species boilding for 
itself H etnicture pecu- 
liarly fashioned and deco- 
rated. According to their 
forms the various genera 
are commonlydetermined, 
and thus we have such 
terms as tree, fan, brain, 
star, aud organ-pipe coral, 
' n to the learned by 




SHELL-BEDS, 00BAL-BEEF8, &C. 189 

301. Cforal poiypea in active operation are thus described by 
Captain Basil Hall : — ^^ When the tide has left the rock for 
some time dry, it appears to be a compact mass, exceedingly 
hard and rugged ; but as the tide rises, and the waves begin to 
wash oyer it, the polypiprotrude themselves from holes which 
were before inyisiole. These animals are of a great variety of 
shapes and sizes, and in such prodigious numoers, that m a 
short time the whole surface of the rock appears to be alive 
and in motion. The most common form is that of a star, with 
arms or tentacula, which are moved about with a rapid motion 
in all directions, probably to catch food. Others are so sluggish 
that they may be mistaken for pieces of the rock, and are 
generally of a dark colour. When the coral is broken about 
nigh-water mark, it is solid hard stone ; but if any part of it 
be detached at a spot where the tide reaches every day, it is 
found to be full of polypi of different lengths and colours ; 
some being as fine as a tlu'ead, of a brifi^ht yellow, and some- 
times of a blue colour. The growth of coral appears to cease 
when the worm is no longer exposed to the washing of the sea« 
Thus, a reef rises in the form of a cauliflower till the top has 
gained the level of the highest tides, above which the animal- 
cules have no power to advance, and the reef of course no 
longer extends upwards.'' 

d02. The composition and construction of coral reefSy though 
effected chiefly by lime-secreting zoophytes, are still owing, in 
a great measure, to the promiscuous aggregation of marine 
debris. As produced by the zoophyte, coral is almost a pure 
carbonate of lime, soft and porous at fii'st, but gradually 
becoming so hard and compact as to be used in the South- 
Sea islands for building. During its formation, however, 
it encloses shells, fragments of drift-coral, sea- weeds, star- 
fishes, sea-urchins, drift-wood, and the like ; and these being 
cemented in one mass by the growth of new coral, as well as 
by the infiltration of dissolved carbonate of lime, the rock 
presents a brecciated appearance extremely analogous to some 
older limestones. Where reefs have been upheaved by sub- 
terranean agency, and are now found on the sides of hills 
partially overlaid by volcanic tufa, the coral stone has a sparry 
semi -crystalline aspect, thus presenting the geologist with 
almost every gradation of limestone, from the soft chalky mass 
of yesterday's secretion to the compact texture of primary 
marble. 

303. The formation of coral islands is effected in the follow- 
ing manner : — The polypes having attached themselves to the 
rocky bottom — say on the summit of some submarine ridge 
-—proceed to build upward and around, tVlV \.\i<ft x^^i T«a\si5i& 
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fthroBt dry at low-water level. Here they leaye off building in 
an apward direction, bat still proceed seaward, increasing tha 
breootb of their Etracture, and grsdually bringing these addi- 
tiona np to the surface, A continuoiis mass of calcareous 
matter la now eeen, composed principally of coral, but also 
abundantly of ahelle, fragmenta of Crustacea, and other aeft- 
drift. Am the waves brew upon the new elevation, fragments 
ate detached and thrown up, shells and coral sand are washed 
upon the reef, and these being cemented together by calca- 
reouB matter, form a low ridge exposed to the influences of 
san, vrinda, and rains. In this state rents and fissures take 
place in the mass, new fragments are detached by the wave^ 
and pUed still higher ; a perpetual rubbinjf and grinding of 
the fragments prodnces calcareous sand, which is gtadnally 
drifted upwards and inwards, filling inequalities, and form- 
ing in sheltered recesses a narrow beach. Upon this new ter- 
litoTv sea-birds alight, nestle, and leave their droppings ; sea- 
weeds and other marine drift are added ; a scanty aoil is 
formed ; seeds are drifted or borne by birds from the adjacent 
continents ; plants spring up, and in course of years clouie tho 
inl^t island with vegetation. By this time strayed land- 
birds have made it their home ; insects and reptiles are carried 
thither upon drifted trees, either alive or in the larva or eeg 
state ; and lastly, man appears, and takes possession of t£o 
gradually-increasing soil. Such a mode of formation snppoees 
no elevation or aubmergetice of sea-bottom by volcanic action. 
But in the Pacific, where coral reeft are most extensively 
developed, Bubterraneon movements are frequent — elevating 
-- - ; regions, and depressing in others. Thu?, a grnduai 
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by Hi Statehbniy in the following order ; — 1. Ciretdar, con- 
UBtiDg of a (trip or belt encirding a lagoou, which comma- 
nkatea with the main oceaa by oDe or more diumels ; 2. Flat, 
eooaistiiig of a tabular, oval, or irregularly round msBs, not 
inlenscted hj channels or la||;oon9 ; S. Leng-narrotBy conost- 
ing of \aaf narrow lidgea or islands, with cross channels at 
irr^ulai mtervab; 4. EneiriUing high land, but separated 
&CHII it by a deep concentric chauneL, with several openings 
into Um main sea. To account for these peculiar confignra- 
tioD^ which are rery persistent over the whole of the Pacific, 
TBiioiu hTpothesea nave been advanced, all more or less in- 
Tolrii^ tne idea of subterranean movements, to which that 
Tegion ia known to be subjected. Firtt, Circular reels or aMl^ 



)T d«>th tJ _ 
Archipelago are all of this kind, and consist of circnlar belts 
from 400 yards to one mile across the ring, which always 
enclose a lagoon. They are seldom raised more than four or 
six feet above the water ; are abrupt towards the ocean, which 
z^idly deepens to more than 100 fathoms ; rary from two or 
Ulree to 1£0 miles across ; and are intersected by deep cliannelg, 
which allow a free communication between the ocean and the 
lagoons. The bottoms of the latter are often strewed with 
d^ shells and fragments of coral ; sometimes contain smaller 
reefs, and nve birth to numerous corallines, sponges, and 
shell-beds. The subjoined engraving represents the atoll form^ 
with its enclosed lagixin ' 




Seoond, Flat or tabular reefe are founded npon some elevated 
portion of the Mfr-bottom ; they have no le^oona ot «,ViiEKtisi»« 
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but foTta solid islands of coral, which in pro^reu of Urns 
become cOTered with sand, Boil, and other debriB. Reeb of 
this kind often exhibit lines of stratification in their mass, 
owing to the driving of sand, shells, &c. over their flat surface 
durinff the time of formation. Third, Long narrow rae&, which 
are of common occurrence, are evidently founded upon gnb- 
marine ridges, interrupted bj irregnlarities and depremons^ 
anch depressions caosing the channeb or gaps by which they 
are intersected. Many of this class are of great length : 
Captain Flinders describes one on the east coast of New Hol- 
land not less than 350 miles, nnbroken by any channel. 
Fmirlli, Reefe encircling high land, but separated from it by a 
narrow channel, indicate a submei^ence of the islands which 
they surround. At their commencement they must have 
been in connexion with the shore ; a submei^ence, however, 
wonld remove them from it, inasmuch as the waters would 
cover them, and find a new shore farther inland. In their 
new position, the zoophytes would build upwards, forming 

nendicular masses separated from the land by a greater < 
iss expanse of water, according to the amount of sub- 
merg^e, and the abrupt or gentle ascent of the land. This 
class is beautifully illustrated hy the reefs which encircle 
the islands Baiatea and Tohaa : — 
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fonnation ; so, also, the Indian Ocean between Madagascar and 
the Malabar coast. Captain Flinders describes the great reef 
which follows the line of the north-east coast of New Hol- 
land as more than 1000 miles in length, in course of which 
there is one continued portion exceedmg 850 miles, without 
a break or passage through it. The thickness t>f the mass 
is variable — in some instances less than twenty feet, and in 
others more than a hundred. Estimating the average at 
thirty or forty feet, and taking into account the vast length 
to which coral ridges extend, they constitute an amount 
of calcareous matter equal to any of the older limestones, the 
carboniferous alone excepted. 

306. The growth of coral is by no means rapid ; for objects 
long submei^^ have been dredged up merely covered with a 
thin incrustation. It is stated in Captain Beechey's Expedi- 
tion to the Pacific, that no positive information could be ob- 
tained of any channel having been filled up by coral within a 
^iven period, and that several reefs had remained for more 
than half a century at about the same depth from the surface. 
By others, it has been estimated that the increase of a reef is 
generallpr from four to six inches in one hundred years ; but 
this is little better than conjecture ; for altliough the growth 
of coral by itself be a comparatively slow process, yet, by 
the accumulation of shells, broken coral, and other drift, a 
reef may augment at a more rapid rate. Whatever the 
rate of growth, the process of augmentation is incessant ; and 
thus, in the course of centuries, have the reefs and islands of 
the Pacific risen above its waters. The student must not, 
however, confound elevation above the ocean with strict 
increase of coralline matter ; because there is every reason to 
conclude that vast areas of the Pacific are undergoing a 
gradual upheave, by which submarine reefs and ridges are 
continually being brought to the surface, and existing islands 
further enlarged and elevated. 
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307. The superficial coating of the earth on which plants have 
grown and decayed is properly denominated " soil" It is chiefly 
composed of inorganic substances — that is, of clay, sand, lime, 
&c. — with an admixture of decomposed vegetable and animal 
matter. There is scarcely a portion of the earth's crust 
entirely destitute of this covering, unless it be the snow-clad 
peaks of the loftiest mountains, the newly-deposited debris on 
the sea-shore, or the shifting sands of the desert. However 
slight the admixture of organic matter ma^ \i^, \\a ^x^^^wy^k 

M 



conatitiites soil, beneath which ia the rubmil, compaiatiTelj or 
altogether without such admixture, and therefore jmtly classed 
as cW, sand, gravel, lime, or mixed earth, as the case may 
be. Soil subserves most important parpoeee in the economy o£ 
creation : without it there could be no succeaaion of vegeta- 
tion ; without a aucceasion of plants terrestrial animnlB conU 
bave no subsistence. 

308. r&e/arniationq^wt/is of easycomprebenuon. Suppose 
■ tract Tariously composed of clay, sand, lime, and other 
primitive earths to be elevated Sibove the waters, its mass would 
soon become dry and compact, and being alternately subjected 
to the sun and showers of summer, and to the frosts of winter, 
its superficies would be rendered loose and friable. Over this 
expanse birds would fly and animals roam, mingling their 
droppings with the earth, and adding their carcases and other 
exuviie ; the winds would carry the seeds of plants from other 
regions, and these springing up, would clothe patches of the 
waste with a scanty vegetation. Mosses, lichens, and other 
lowly forms would spread over the rocks and gravel, the 
Brando aienaria, elymus, &c. over the sands, the sphagnum and 
other aquatic tribes in the marshes, and grasses on the silts and 
richer portions. The annual growth and decay of these plants 
would soon form a covering iH vegetable mould, enriched by 
the droppings and exuvife of ajiimals which fed upon them ; 
and thus in process of time would the region present varieties 
of soil capable of supporting the highest forms of vegetation. 
We see such a formation every day taking place around us i 
naturnily, in those districts unreclaimed by agriculture, and 
artificially, where mamires are added to promote its fertility. 
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inoiganic substances, air, and water, furnish chemical com- 
pounds of humus, carbon, ammonia, &c. — all of which are 
essential to the perfection of vegetable growth. Sand and 
day being the bulky components of soils, a soil is said to be 
9andy when it contains no more than 10 per cent, of clay ; a 
jofufy loam if from 10 to 40 per cent, of ,clay ; and loam if 
£rran 40 to 70 per cent. On the other hand, should the clay 
aTexBge from 70 to 85 per cent., it is denominated a clay loam; 
from 85 to d5, a strong day ; and if no sand be present, it is 
pure agrtcuUural day. The same sort of distinctions are made 
when Hme is present in considerable abundance— 5 per cent. 
of carbonate of lime constituting a marl^ and 20 per cent, a 
calcareous soil. Where soils are immediately derived from the 
locks beneath, they partake of the same chemical character ; 
and where separated by layers of sand, clay, and gravel, they 
are still influenced in their capacities for moisture by the 
porous or open texture of the subjacent strata. There is thus 
an intimate connexion between the deductions of geology and 
agriculture — a connexion which will be more fully pointed out 
in a subsequent section. 

EXPLANATORY NOTE. 

Alabaster — a white semi-transparent variety of gypsum, or sul- 
phate of Hme. It is a mineral of common occurrence, and is manu- 
netured into omamcntal vases, and occasionally into small statues. 
The ancients used it for ointment and perfume boxes. 

Mineral naphtha is generally found of a yellowish colour, but may 
be rendered colourless by distUlation. Its specific gravity is about 
thiee-foorths that of water ; it boils at 160 degrees ; and appears to 
be a pure hydro-carbon, consisting of 36 of carbon and 5 of hydrogen. 
It is highly inflammable, and bums with a white smoky flame. A 
liquid very rimilar to mineral naphtha is obtained by the distillation 
of ooal-tac. 

Prostbation of trees. — It has been stated that the trunks found 
in British peat-mosses are most abundantly prostrated towards the 
east and north-east. This is just what might be expected where the 
trees have been overthrown by natural forces ; for not only are our 
most prevalent winds from the west and south-west, but our highest 
toad most destructive gales are also from the same quarters. 

CoBAL. — Some varieties of this substance have long been in request 
for ornamental purposes— their value depending upon the size, solidity, 
and colour of the specimen. Black and red varieties arc the most 
highly prized, portions of Sicilian coral having been known to bring 
so mnch as eight or ten guineas per ounce. The price, however, is 
extremely variable, other portions of the same mass selling for less 
than a shilling a pound. Regular coral fisheries are established in the 
Straits of Messina, on the shores of Majorca and Minorca, the coast of 
Provence, and in other parts of the Mediterranean. Abundant sup- 
plies are also obtained from the Red Sea, the rex&\».TL Q(v:i\^) 'Civ^ <^<^%sd(. 
of Somatra, &o. 



SUPERFICIAL ACCUMULATIONS— CONTINUED. 

EinTHQUlKES AMI TOLCANOES. 

310. The effects produced by earthqvalieK, in as Far as eleva- 
tions and depressiona of the earth's crust are concerned, hava 
been alresdy alluded to, but the various results by which tUey 
ore followed require further attention. An earthquake may 
piiduce a momentai^ undulation of the ground, followed by no 
perceptible result ; it may simply elevate one region or depresa 
another ; it maybe attended by avast destruction of animal life, 
and the submergence of forests ; it may alter the course of rivers, 
and produce oew shores and beaches ; it may create vaat tidal 
waves, which give rise to accumulations of debris ; open new 
springs and fissures, froo) which issue various products differ- 
ing from those hitherto known in the district. Innumerable 
instances of such changes could be cited ; a few, however, wHI 
fluffice to convince the student of the importance of this class 
of geological ^encies : — By the great Chili earthquake of 1822, 
an immense ti'act of ground — not less than 100,000 square 
miles — was permanently elevated from two to six feet above 
ita fonner level ; and part of the bottom of the sea remained 
"bare and dry at high water, with beds of oystei's, muscles, and 
other shells adhering to the rocks on whicji they grew, the 
'fish being all dead, and exhaling most offensive effluvia. By 
an earthquake in 1819, a tract— the Ullah Bund — in the 
delta of the Indus, extending nearly fifty miles in length and 
eixteen in breadth, was upheai'ed ten feet ; while niijuining 
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in Jamaica, when the whole island was frightfully convnlsed, 
and abont 1000 acres in the vicinity of the town submerged to 
the depth of fifty feet, burying the inhabitants, their houses, 
and the shipping in the harbour. Such examples might be 
multiplied indefinitely, even within the limits of the historic 
period; but enough has been quoted to show the extensive 
nature of the changes which may have been produced upon 
tbe superficies of the globe since the commencement of the 
current era. 

311. Volcanic forces act in a similar manner, in as far as 
they elevate, depress, and break asunder portions of the earth's 
crust ; Indeed earthquakes and volcanic throes, considered as 
subterranean movements merely, produce precisely the same 
results. But volcanoes, prof)erly so called, act in another and 
equally important manner m producing geological changes. 
They elevate the crust into long continuous ridges or moun- 
taiQ chains, form isolated cones, and discharge accumula- 
lions of lava, scoriee, ashes, loose stones, and other igneous 
debris. The same effects have been produced by igneous forces 
in all ages, as are amply evidenced by the granitic rocks of 
the primary, and by the trappean eruptions of the secondary 
and tertiary epochs. Volcanic rocks represent the igneous 
products of the present era, and are associated with the super- 
ncial accumulations, just as the older traps are with the coal 
measures, oolite, and chalk strata. The granitic and trap 
rocks occur either as disrupting, interstratified, or overlying 
masses ; so do the volcanic : the former cover extensive districts, 
andTform vast mountain ranges; so do also the latter, as will be 
seen hy an enumeration of some of the more celebrated vol- 
canoes. In Europe there appears to be three centres of vol- 
canic action — ^namely, that of the Levant, to which iEtna and 
Vesuvius belong ; that of Iceland, represented by Hecla ; and 
that of the Azores. In Asia there is abundant evidence of 
volcanic action on the borders of the Mediterranean, the 
Black Sea, the Caspian, and the Persian Gulf; while along 
the eastern borders of that continent there is a range not less 
than 6000 miles in length and 260 in breadth, including 
Sumatra, Java, the Eastern Moluccas, and the Phillipine 
Islands ; the same range bearing farther northward, though less 
distinctly, for several thousand miles, and terminating in the 
volcanic cones of the Aleutian isles. The whole extent of 
the two Americas ia also traversed by a volcanic range, mani- 
festing itself by eruptions along the whole line, from the 
Rocky Mountains through Mexico and the Andes, onward to 
Patagonia and Terra del Fuego. The islands of the Pacific 
further attest the presence of similax iote«i^ \ «& ^^ 'OanR^ — 
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namely, the Canariea, Cape de Verd, AscenBion, St Helena 
Mad^BBcar, Boatbon, &c. — which suiroand the continent of 
Africa. In these centres of igneoas action manj of tha 
Tolconoes aie extinct, others are merely dormant, wMle many 
are incessantly active. 

312. Passing over the disruptions produced by volcanic fm-eet, 
mme idea of tMr importance in adding to the rocky material of 
the earth's crutt maybe gleaned from what is stated in par. 7^ 
and fi^im the following quotationa. In the year 1759 -Uie 
plain of Malpais, which forms port of the volcanic district of 
Mexico, WHS disturbed fr^m the month of June till Augoat 
by hollow sounds and a succession of earthquakes ; and in 
September Samea barst from the ground, and frngmenta of 
bumii^ rocks were thrown to a prodigious height. Six toI- 
canic conea were formed, of which Jonillo, the central one, 
was elevated 1600 feet above the plain, and continued burn- 
ing, sending forth streams of basaltic lava till the month of 
February in the succeeding year. None of the other cones 
'were less than 300 feet in height. Twenty years after the 
emption, this spot was visited by Humboldt, who fonnd 
around the hase of the conea, and spreading from them as from 
a c^itre, a mass of matter 5S0 feet in height, extending over 
S space of four sq^nare miles, and sloping in all directions 
towards the plain, A subsequent eruption of this volcano 
took place in 1819, on which occasion the ashes discharged 
trere so abundant, that they covered the ^ects of Guanaxoato 
to the depth of six inches, although the distance of that city 
fr\>m the volcano is not less than one hundred and forty miles, 
lltiriiif; the eriii>tiong of Suml^nra in 181.1, ashes wav carried 
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In the plains rarely more than a hundred, and often not ex- 
ceeding ten feet." If such he the magnitude of isolated 
snd temporary eruptions, the student cannot fail to perceive 
how much of terrestrial change must have heen produced hy 
volcanic action even during the few thousand years of human 
history ; and can hare no difficulty in reasoning £rom modem 
igneous forces to those which exerted themselves during the 
irappean and granitic eras. 

313. The products of volcanoes are commonly recognised as 
lava, ohsidian, pumice, scoris, ashes, mud, steam, and various 
^aseSy of which muriatic acid, carhonic acid, and sulphu- 
retted hydrogen are the most ahundant. Lava is the name 
.given to the melted rock-matter which issues from active 
craters^ and which, when cooled down, forms varieties of 
volcanic trap, as trachyte, hasalt, greenstone, and dolerite, 
.according to the amount of felspar, hornblende, and augite 
which these rocks respectively contcun. Obsidiariy or volcanic 
glass, is a glassy lava of a black colour, nearly opaque, and 
scarcely distinguishahle from artificial glass slag. Pumice is a 
light, porous, or vesicular rock, the vesicles having been 
formed by the disengagement of gases while the mass was in a 
state of fusion. Scoria, cinders, ashes, and the like, are of the 
same mineral composition as the solidified lava, and seem to 
he produced by the dissipation of tiie liquid mass by the 
•explosive energy of steam and other gaseous forces. The 
^mixture of water with volcanic ashes forms a fetid clayey 
mud, which sometimes bubbles out from fissures, or is ejected 
in currents with considerable Violence. Gaseous products are 
in continual exhalation from active craters, or from rents in 
extinct volcanoes. Steam is the most abundant of these ; and 
next in order are the sulphurous vapours, from which are 
derived those deposits of sulphur so extensively employed in 
the useful arts. The manner in which the rock products 
arrange themselves is highly instructive, inasmuch as it sup- 
plies the geologist with data to reason respecting the occur- 
rence of igneous rocks in connexion with the older stratified 
systems. Lava issuing from active craters descends in 
currents from the mountain side, filling up valleys, damming 
rivers, covering plains, and if in 9ie neighbourhood of 
the sea, spreaoing along its bottom, there m turn to be 
covered by newer sediments. Scoris, ashes, and other light 
material being showered abroad, and borne by winds often to 
a great distance, are scattered indiscriminately over land and 
sea, forming layers of considerable thickness, which under the 
waters are also covered by other deposits. Lava cools irre- 
gularly ; in one place presenting trachyte oi Bk^x^yc^^AaX^-- 

Mr, 
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tnre, »t another passing into granular greenBtonB, and not 
nufreqiiently assuming a. true basaltic structui'e. In all this 
the student must see repeated the same processes by which the 
granitic and trappean compounds were formed, the same modea 
of arrangement and relation to the stratitieit rocks ; and bo 
can reason with certainty, from what is recent and apparent, 
to that which is ancient and obscure. 

314, The caute of volcanoes, earthquakes, and other lubter- 
ranean movemenU has been the subject of several theories, but 
is yet by no means very satisfactorily determined. The most 
prevalent opinion is that which connects them with one great 
source of central heat — the residue of that incandescent stats 
hypothesis 
i thickness, 

that it contains vast caverns, and is extensively fissured 
-—primarily by unequal contraction from cooling, and sub- 
sequently by subterranean agitations. Through these fissures 
water finds Jta way to the heated mass within ; this generates 
steam and other gases, and these exploding, and struggling to 
expand, produce earthquakes and agitations, which are ren- 
dered more alarming by the cavernous and broken stracture 
of the crust, and the yielding material upon which it rests. 
Occasionally, these vapours make their way through fissures 
and other apertures as gaseous exhalations, or as hot springs 
and jets of steam and water, like the geysers of Iceland. 



and other apertures as gaseous exhalations, or as hot springs 
"id jets of steam and water, like the geysers of Iceland. 
n the other hand, when the expansive forces within become 
so powerful as to break through tlie earth's crust, dis- 
charges of lava, red-hot stones, ashes, dust, steam, and other 
" " ' ' ' ''rifhargL's of solid niateriHl gra- 
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into red-hot matter not unlike certain lavas. This fact has 
given rise to the supposition that such bases may exist within 
the fflobe, where, water finding its way to them, they explode 
and huro, fusing the rocks among wmch they occur, creating 
various gases, and producing caverns, fissures, eruptions, and 
other phenomena attendant upon .earthquakes and volcanoes. 
As yet, our knowledge of the earth's crust at great depths 
is excessively limited; we know little of the chemical and 
magnetic operations which may be going forward amons its 
strata, and we are equally ignorant of the transpositions which 
may take place among its metallic and earthy materials ; but 
judging from what we do know, this theory, however inge- 
nious^ seems by no means adequate to the results produced. 
It Is true that there occurs nothing among the products of 
volcanoes at variance with its assumptions ; but the magnitude, 
the imiversality, and the perpetuity of volcanic action point 
to a more stable and uniform source — that source being the 
internal heat or residue of that igneous condition in which 
our planet originally appeared. 



EXPLANATORY NOTE. 

Obstdian — so named, according to Pliny, from Obsidius, who first 
found it in Ethiopia. It is a true volcanic glass, of various colours, but 
usoally black, and nearly opaque. In Mexico and Peru it is occasion- 
ally manufactured into adzes, hatchets, and other cutting instruments, 
or fashioned into ring-stones. So closely does it resemble the black 
slag of oar glass furnaces, that in hand specimens it is almost impos- 
sible to distmguish the artificial from the natural product. Obsidian 
consists chemically of silica and alumina, with a little potash and 
oxide of iron. 

Sulphur, also known as brimstone^ is a yellow brittle mineral product 
found in various parts of the world, but most abundantly in volcanic 
regions. For economical uses, it is chiefly obtained from Sicily, the 
south of Italy, and the West Indies, though many other districts 
could" yield a profitable supply. It commonly occurs massive, and 
intermingled with earthy impurities ; but is sometimes found crystal- 
lised, or as an efflorescence on the sides of fissures, around hot 
springs, and other subterranean openings. The properties of sulphux 
are well known : it is a simple combustu>le, solid, non-metallic ; melts 
at the temperature of 226 degrees ; emits a peculiar odour when 
rubbed ; and takes fire at 560 degrees, burning with a dull blue flame 
of a suffocating odour. It is extensively used in medicine, and for 
numerous purposes in the arts, as in the manufacture of gunpowder, 
matches, vermilion, sulphuric acid, &c. Chemically speaking, sulphur 
is a very abundant product in nature, being found in conjunction with 
iron, copper, lead, and most of the metallic ores, being also widely 
diffused among the earths and rocks, as well as entering into the 
composition of many organised bodies. Though our coTOL\uftt<i,\a.V »\^ 
plies of the mineral be principally obtained tiom. \o\c8ccaci ^^^xv^^Xa,^^*^ 



it i« in tlie power of the chemiet to extract it from iion prritcs (ml- 
phiuet of iron), at stated in pu. 229. 

Volcanoes which give unremitting or periodical erideneo of their 
li^a the seats of anbterTsaean fire, are said to be acUm ; Booh aa 
liaTe rieen in a state of commotion vithin the historic period, but now 
afford no symptoms of igneous action, are tanned Jormanl; while 
thoM oouoendog whose a^ivitj there is no historical oi tndititmajy 
mention a» regarded aa ezfrncf. 



RECAPITULATION. 

315. Having described, as fully as the mdimentaiy natnra 
of this treatise ivill aUow, the varicnu) stratified formatioiM, 
together with their associated tgneoua rocks, it may be of valne 
now to take a general review of the facts established by geoJo- 
giutB in their endeBTonrs towards a complettoa of the history of 
OUT planet. 

318. Whatever may have been the amttitution of Sie globe 
pretnoua to the origin of granite, we are warranted in con- 
cluding that rocka of this class form a floor or basis u^n 
which all the stratified formations recline. Among the granitic 
rocks there is no evidence of a sedimentary origin, no lines of 
Stratification, no fossila ; all of them are massive, and highly 
crystalline. The;^ upheave, disrupt, and break through the 
overlying strata m a manner which leaves no doubt m their 
having been prodnced by igneous fusion ; and snch an origin ia 
now as^nea to them by almost all geologists. Had granite 
been a mere melamorphic rock — that is, a product derived from 
the fusion of sedimentary stratii — some ovidence of tlio " ' 
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huSk of the globe, than the scoris on the sorCEtce of a glass- 
blowei's furnace. As this process of reirigeration went forward, 
the gases capable of constituting the atmosphere and water 
-woola condense around and upon the earth — the latter occupy- 
ing the hollows of the crust, and undergoing a rapid eyapo- 
ilsation, both by the internal heat of the mass and the external 
lieat of the sun — and the former constituting a medium for the 
elaboration of vapours, rains, and other meteoric phenomena. 
Thus the various operations of Atmospheric, Aqueous, and 
Igneous agency were set in motion to modify the newly- 
formed crust, and to produce that long series of changes which 
it is the province of geology to consider. This constitutes the 
first era of our planet — a period when it was void of those con- 
ditions necessary to the support of vegetable and animal exis- 
tence. 

317* The products of the agencies now set in motion were the 
^eiss and mica schist systems. The rains which fell upon the 
granitie crust, the streams which descended from its moun- 
tains, and the rivers which cut their way through its gorges 
and valleys, would bear the abraded material to the lakes and 
seas, there forming layers diifering little in mineral com- 
position from the granite whence they were derived. At this 
period the earth's surface must have been extremely unstable, 
breaking down in some localities, and being upheaved in 
others; so that floods of molten granite would occasionalH' 
envelop the newly-deposited strata ; and thus it is often dim- 
cult to separate gneiss from rocks of true granitic character. 
In process of time, however, the gradual refrigeration of the 
globe would render the configuration of its crust more stable, 
and so allow the sedimentary matter to be deposited not 
only more regularly, but also less intermingled with igneous 
effusions. Such a state of matters we discover in the mica 
schists, which are more finely laminated, and more continuous 
in stratification, than the subjacent gneiss. Of the sedimen- 
tary origin of gneiss and mica schist, no one who has examined 
these rocks in the field can have any doubt ; even in hand- 
«>ecimens the lines of lamination are generally well-marked ; 
tne crystals of which >they are composed are fragmented and 
water-worn, attesting the abrading agency to which they had 
been subjected, while in granite every crystal is distinct and 
entire. It is true that the rocks of these two systems are of 
crystalline texture, and must have been subjected to a very 
hi^h degree of heat — a temperature sufficient to form garnet 
within mica schist, but not so powerful as to obliterate the 
lines of deposit in the mass. Another and unobjectionable' 
evidence of their sedimentary oiigin ia aSotdAdk \>i HiciSk ^a^> 
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-Uut the latter ejetem con^sts of altentations of TarioTiB strata, 
M mica, talc, and chlorite schists, ciystalHne limestone, and 
quartz. No vegetable or animal remains hare been Iband ia 
either system ; hence the inference, that the earth at thii 
period was not sufficiently cooled down to admit of organic 
development. This constitutes the second geolf^cal era — one 
during which the dry land and waters were afifce devoid of 
life and vegetation ; an epoch of incessant subterranean agita- 
tion, as is evidenced by the vast mountain ranjres, dylces, vein^ 
and other efFusions of granite by which the sedimentary strata 
are elevated and contorted. 

318. The era of the clay-slate o nrf ^rauwacfce which sncceeded 
was one dnring which important events took place in the 
history of the earth. Hineralogically speaking, these rocks 
present an immense difference from those of previons systems. 
Among them the crystalline texture is faint ; clayey com- 
pounds are derived from the decomposed felspar of the gneiss 
and granite, arenaceous rocks from the quartz, and conglo- 
merates from the pebbles collected along the shores of the sea. 
Stratification is now abundantly obvious ; and frequent alter- 
nations of sandstones, conglomerates, shales, and limestones 
prevail. All this attests great diversity of action — rivers, car- 
rents, tides, and waves ; deposition in calm water, and accu- 
mulations by violent inundations. These rocks imbed the 
remains of lowly-oi^nlsed aea-weeds, of zoojAyten, and of 
moliiifca. Here tlie geoloj^iat is, for Ihe first time in the history 
of the earth, presented with organized forms— heiugs governed 
by the same laws of vitality which now regnliite plants and 
animals. Theae organisms, it is true, are not of n high order 
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^Sandstone — ^are more decidedly sedimentary than any of the 
previous systems. They are composed of sandstones, conglo- 
merates, shales, clays, and limestones, alternating with each 
other- in snch a manner as to prove the operation of numerous 
agents during their deposition. At one season the rivers seem 
to have carried down mud and clay, at another sand of various 
iineness ; in one locality the waves and currents produced 
pebhly conglomerates along the sea-shore, at another laid down 
the most impalpable sand, on which is often left impressed the 
ripple-mark of the receding tide ; along some regions of the 
sea-bottom cei-tain limestones were precipitated by chemical 
agency, in others it was accumulated by the operations of 
coral zoophytes. During the deposition of these rocks a 
change was effected upon the climate and other atmospheric 
conditions of the dry land, so as to enable it to sustain a scanty 
v^etation ; and here, for the first time in the earth's history, 
liave we evidence of land-plants in the remains of equisetums, 
ferns, and other cryptogamia. The previous sea-weeds become 
more prolific ; other genera are added to the zoophytes and 
mollusca ; and Crustacea and fishes constitute a new feature 
' in the Fauna of the globe. Respecting the land-plants, their 
remains are too imperfect to afford any just idea of the climate, 
composition of the atmosphere, or elevation of the land ; one 
thing only is evident, that they are chiefly aquatic, and seem 
to have flourished in low situations by the sides of rivers, whose 
waters bore their detached fragments to the seas of deposit. 
On the other hand, the marine plants are much the same in 
kind with those of the grauwacke, only flourishing more 
abundantly, to furnish food to the new increase of herbivorous 
mollusca. The silurian seas seem to have been crowded in 
fiome localities with zoophytes and corals, for certain lime- 
stones are almost wholly composed of their calcareous secre- 
tions; and among these radiata, encrinites make their first 
appearance. New and gigantic genera are added to the shell- 
fish ; Crustacea are introduced in the form of the trilobite ; an 
intermediate gradation between crustacea and true fishes in 
the pterichthys, coccosteuSj and cepkalaspis; and perfect fishes 
in the holoptychius, osteolepis, and other ganoidia of the old 
red sandstone. Ail this attests a great advance in the vital 
conditions of the globe — cond\(ions, however, differing so much 
from those which succeeded, that few of the races created to 
live under them are to be found beyond the limits of the 
strata then deposited. This constitutes the fourth period of 
the world— one of ordinary tranquillity during the rormatiou 
of the Silurian rocks and lower gray sandstones; but still 
occasionally interrupted by volcanic acUon, qa Sa ^nv^«gr»^ Vj 



close of the new red sandstone epoch, many new genera of 
fishes and true aquatic reptile) were called into being. 

323. The period of the iiaf, oolite, and chalk was one of 
restored tranquillitv. The strata, with a few limited excep- 
tions, are emiueatly marine and estuary, deposited in quiet 
waters, and undisturbed by igneous agitation. Had we a map 
of the globe st this epoch, it would present a, number of islands 
snd low continents surrounded by comparatively ahallow seas ; 
the land supporting; a tropica], but by no means exuberant 
regetation, and the watei's swarming with shell-fish, fishes, 
and reptiles. An atmosphere such es we now enjoy, a tropical 
temperature, and abundance of moisture, were the conditions 
under which new tribes of palms, fema, cycadese, conifers, 
and a few dicotyledonous trees flourished ; and under which 
chambered shells, naked cephalopods, sea-urchins, star-fishes, 
new bivalves, ctenoid and cycloid fishes, numerous gigantic 
reptileg, marsupial mammalia, and monkeys, were called into 
existence. In all these forms we discover a nearer approach 
to existing nature than waa made by the Fauna and Flora of 
previous eras ; end yet few, if any, of the genera outlived the 
chalk formation. The deposition of the oolitic and cretaceous 
systems constitute another epoch in the history of our planet 
during which many of its inhabitants died out, and were suc- 
■ ' ' ■' a hettei- adapted to its progressive condi- 

raa eminently one of rest, distinguished 
n by a few local disturbances. 
, strata were deposited under conditions 
a closely allied to those of the present day. With 
3 exception of gypaum and certain limestones, the gravels, 
"'" arls, and clays are scnreely distinguishable from those 



ceeded by other ri 
tions. The period > 
only at its terminatio 
323. The tertiary t 
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spcdes. The fishes are chiefly of extinct genera, hut othei^ 
wise dosely allied in their forms and mode of life to modem 
famili^a- wluJes, walruses^ seals, turtles, crocodiles, are now 
numeioiiB and induhitahle ; so that, all things considered, the 
teriiaiy era brings ns to the confines of existing conditions. 
This epoch was terminated by a wide-spread and general dis- 
turbance, by which the dry mnd and ocean received their pre- 
sent oonfigaration. This disturbance was accompanied by an 
almost total destruction of the terrestrial Fauna and Flora ; 
by a decided change of temperature in the regions where the 
tertiary beds were deposited ; and by the production of an 
accumulation f diluvium) over the greater port of Europe at 
least, which forms a boundary between the tertiary and 
current epochs not to be mistaken. With this svstem the 
snbtenanean fires cease to discharge trappean rocks, which 
had been the invariable products of every igneous agitation 
&om the dawn of the silurian period. It is true that on a 
small scale there are many of the tertiary traps undistinguish- 
able ftom the products of modem volcanoes ; but, judging them 
b^ their general relations and composition, there is as wide a 
difference between the igneous rocks of the current epoch and 
the trap, as there is between the trap and the older granitic 
compounds. 

824. The current era is that lithologically represented bv 
those superficial accumulations of gravel, sand, clay, marl, 
peat-moss, shell-beds, coral-reefs, &c. with which every one 
who moves beyond his own dwelling must be to a certain 
degree fiimiliar. Many of these accumulations are of great 
antiquit;^, and, both in their mineral and fossil characters, 
blend with the tertiary strata. One fact to be observed re- 
specting the whole of them is, that they are loosely and irre- 
gularly scattered over the surface, and have been evidently 
deposited since the crust received its present configuration. 
Stul, it must be borne in mind that tnero is no such thing 
as geological rest — ^the atmospheric, aqueous, igneous, and 
oiganic agencies are incessant in their operations; so that 
what we denominate *^an era," is, in fact, a mere series of 
progressive movements, whose results present as many points 
of similarity as will admit of their being classed under one 
category. Even since the present order of things was esta- 
blished, great changes have been effected ; portions of dry 
land have been submerged, and portions of sea^bottom raised 
above the waters ; lakes have been silted up, rivers changed 
from their courses, and mountains formed ; while organic agency 
has produced peat-mosses and coral-reefs of astonishing magni- 
tude. We have seen that the Fauna and Floia oi o\Xi<^x ^^^^^^^ 

N 
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miccMsirely died an-nr with tht cbancE of conditions nnder 
which they flourished ; and so the c^mmenrement of the nr- 
rent era was marked by the creation of new orders suited to ila 
peculiar conditions. The^ are the various races of planta and 
animals now existine^suhjected to the same laws of vitAlhjr, 
bnt differing in hadits, furm, and kind from those of other 
geolopeal cvcles. Formerly, the orders, eenera, and ipeeia 
were few, nith an imtnen^ number of individuals under each 
apecies ; now, iudii-iduals are its numerous, while the specit^ 
genera, and orders are infinitely more varied and complicated. 
As far as can be inferred from the disoover\- of foetiU, thtn 
has evidently been a progresive development of vegetable nd 
animal life ; not prooressive in point of perfectitude — for the 
toophyte of the silurisn seas is as complex and perfect in ita 
structure as those of the Pacific — but progressive inamnich 
OS higher and more varied orders wer« succesaively called into 
being. Thia view, borne out by all that has been witnened in 
the stratified systems, is confirmed by the current era, whkk 
claims for itself still more highly- organised orders of beinr— 
these orders crowned, inoreover,*by the creation and distiibii- 
tion of Man. In none of the older formations were found any 
remains of man or his works ; these are confined to the mart 
recent and Buperfii.'ial accumulatiuns — to masses of Tolcaiue 
scoria;, pent-bogs, and river-sands. 

325. The hi$tory of the earth thus presents a long serici of 
mine rnl and vital gradations, as yet hut imperfectly interpreted 
by geology. The stratified formations, from the gneiss to tin 
existing surface, bear evidence of tliesegmdations, Doth in that 
composition and mode of aggre^tion ; so also do the nrutnti- 
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boar, wolf, and beaver, are now extinct in Britain ; and what 
takes plk^ in limited regions, must also occur, though more 
slowly, in wider continents. The dodo of the Mauritius, the 
dinomis and apteryx of New Zealand, are now matters of 
history ; and tne same causes which led to their extinction 
seems hurrying onward to the obliteration of the beaver, ostrich, 
kangaroo, and other animals whose circumscribed range of 
existence is gradually being broken in upon by new conditions. 
Such facts as these, taken in connexion with the numerous 
superficial changes produced by rivers, lakes, seas, peat-beds, 
coral-reefs, earthquakes, and volcanoes, have led to specula- 
tions as to the conditions which yet await our planet. 

-326. Respecting the future history of the gUMy it were vain 
to offer any conjecture. Subjected as it is to the numerous 
modifying causes previously described, we know that vast 
changes are now in progress, and that the present aspect of 
nature is not the same as that she must assume a thou- 
sand years hence. But what may be the character and amount 
of these changes, what the new conditions brought about by 
them, or what the races of plants and animals adapted to these 
conditions,^ we have no means of determining. This only we 
are assured of, that whatever vicissitudes may affect the globe, 
they will be tempered in perfect accprdance with the happi- 
ness of organised existence : that Supreme Intelligence which 
has maintained the past will continue to protect and superin- 
tend the future. 



IMPORTANCE OF GEOLOGY. 

827. The object of the science beinff to ascertain the nature 
of the materials composing the earth's crust, their mode of 
arrangement, and the causes producing that arranffement, it 
has at once a theoretical sjid. practical importance. The former 
consists in that impetus which it gives to intellectual acti- 
vity, the wholesome discipline which it confers on the rea- 
soning faculties, those exalted notions of creation which it 
conveys, the sounder convictions of man's relation to external 
nature which it imparts, and in the thousand proofs which it 
establishes of a divine and superintending intelligence. The 
latter, on the other hand, arises from the economical benefits 
which it confers on civilised life; from the aid which a 
knowledge of its deductions affords to the arts of mining, 
engineering, architecture, and agriculture. 

328. Imts philosophical and ^eculative importance^ ^eaUsf^^ 
is second to none of the natural sciencea. "De^ew&v^ %s^ 
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an accurate golntioa of ita problema upon mechanics, che- 
mialjy, botany, and zoology, it takes a wider range of inves- 
ti^tioii than any other individual science : indeed, as a 
history of the earth, it may be ftaid to embrace the total 
field of human research. Its study, therefore, calls into acti- 
■vity not only the observing' powers to note what actually 
occurs, but file reasoning feculties to account for the source 
and mode of occurrence. It is thus liable to be encumbered 
with the absurd and fanciful theories of imperfect knowledge 
—theories, however, which gradually disappear before tne 
light of more accurate observation and sounder reasoning. 
ifough essentially aided bry the other sciences, it has not 
left the assistance altt^;^taer unrepaid ; but has afiorded 
numerous suggestions to the chemist, and thrown additional 



ya. But the discipUne which it confers o 
powers is Sirtber enhanced by the intellectual pleasure wlii<^ 
its investigations aflbrd. The study of existing nature is 
confined to what is recent and obvious : geology takes a 
bolder flight, and reveals the successive conditions of the 
world to Uie remotest periods of time ; and as each era, with 
its peculiar forms of life and vegetation, is unfolded, what 
research c«uld be more fescmating or instructive ? Aa in 
existing nature everything is impressed with proofs of divine 
wisdom, BO in the revelations of geology every fact teems 
with evidence of the ceaseless ageacj of uie same upholding 

3-29. The- practical or cconomimi i aiue of the science refers 
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sandstone; he knows^ also, that aflter the commencement 
of the new red sandstone, coal in workable beds ceases to be 
found, and that lignite, jet, and brown coal are mere local 
and insignificant deposits. Besides determining the position 
in whicn coal, ironstone, and other useful strata occur, 
geoloffy can direct the miner through all those obstructions 
occasioned by faults, dykes, slips, and the like ; for even these, 
irregular as they seem, bear certain evidence of their direc- 
tion — ^upthrow or downthrow — ^which the experienced eye 
can reaoily detect. As i^dth the minerals of commerce which 
occur in strata, so to a certain extent with the ores of lead, 
copper, tin, silyer, and gold which are found in veins and 
loaes. These veins follow certain courses in relation to the 
gpreat axis of elevation with which they are associated, are 
mterrupted by cross dykes and veins, are thrown up or down 
by dislocations — all of which an experienced geologist can 
determine and map out, so as to save much fruitless waste 
of labour and capital. 

330. The importance of geology to the civil engineer and 
architect is so obvious, that the met requires little illustration. 
Possessed of a well -constructed lithological map, on which 
are delineated the various kinds of strata, their dip, direction, 
and other |>articulars, the engineer has a safer and cheaper 
guide for his direction than the scattered data of the bormg 
rod. He sees at once the nature of the rocks through which his 
work has to pass — ^whether common road, railway, or canal ; 
can estimate with certainty the expense of construction, ana 
avail himself of minerals which he knows must lie in the vici- 
nity : while one ignorant of geological truths would blindly 
pass by such advantages. In fixing a line of road or railway, 
the imormed engineer will avail himself not onlj of facilities 
for present construction, but calculate, from his lithological 
knowledge of the district, for the future benefit of those con- 
cerned in the imdertaking. In the case of canals, moreover, 
where retention of water is indispensable, the geologist can 
ejBfectually aid in the selection of a route, by attending to the 
nature and dip of the strata, and to the fractures and dis- 
locations to which they have been subjected. He is enabled, 
from his knowledge of the rocks and tneir positions, not only 
to prevent waste of water, but to select a route where fresn 
supplies can be readily obtained from below. As with 
roads and canals, so witn tunnels, docks, Artesian wells, and 
other undertakings commonly intrusted to the civil engi- 
neer. It is true tnat such works may often be satisfactorily 
enough completed without the aid of geology, but undoubt- 
edly a knowledge of its deductions w\\\ TaftXimsKt^ ?^'iv^ 



by conftmng & certainty and security on what vould other* 
vise be a mere syBt«iii of trial and erroF. The assis- 
tance which geology bringe to the architect is not quite so 
obvious ; as actual experiment is, after all, the best and only 
test of a rock's durability. However, by observing the effects 
of weather, water, and the hke^ on strata exposeain natural 
sectione, he can readily determme as to their fitness for any 
particular structure. The amount of waste experienced by 
ancient buildings is also another safe and valid test ; and it 
is the travelled geologist, and not the mere builder, who can 
point to the locaUty, nay, to the very stratum, whence the 
stones of these buildings were obtained. Thus, both directly 
and indirectly, the science is brought to bear upon architec- 
ture ; a fact fiUly appreciated by the legislature in its appoint- 
ment of a commission, composed in part of geolt^ste, to 
determine the rock most suitable for the structure of the new 
houses of pariiament. 

331. The atdslanee vrhieh geology i* calaulated. to confer on 
the seieftce of agriculture, constitutes one of the most appa- 
rent features in its economical importance. All fertile soils 
consist of two clasaea of ingredienta — organic and inorganic : 
the former derived from the decomposition of animal and 
vwetable matter, t^e latter from the disintegration of the 
subsoil or rocks beneath. Without a certain proportion of 
oi^;anic matter, no soU can be feriile ; but it is equally true, 
that without a due admixture of inoi^anie oompounda, all 
attempts to improve it will he fruitless. These corapounda 
are chiefly clay, lime, silicioua earth, and mag'nesia, with 
1 stilts of iron, ronnganeae, potash, and soda — all of 
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unbroken days. Again, land of itself dry and friable may 
be rendered wet by springs whicb arise along some line of 
dislocation. The rarmer acquainted with the deductions of 
geology would cheaply lead off these springs at their source, 
while he who was i^orant would laboriously firrow-drain 
his whole field, and nnd, after all, that his was the less effec- 
tual method of the two. Such are mere indications of the 
assistance which geology is calculated to confer on a^cul- 
ture — an assistance very apt to be overrated, unless the farmer 
at the same time avail nimself of the discoveries of chemistry 
and vegetable physiology. 

dd2. It m/ust jwt, however, he supposed that the science is 
of jtractical value only to the miner, engineer, architect, and 
agriculturist; every mdividual is liable to be more or less 
assisted by its deductions. The capitalist who speculates in 
land, the agent who effects sales, the statistician, traveller, 
and explorer, may all reap direct advantage from the same 
source. Take, for example, a case of emigi*ation : — Two inm- 
yiduals, possessed of equal capital, set out, say to New Zealand 
or to lie Far West of North America. The one ignorant of 
g-eology fixep upon a locality characterised by the beauty of 
Its scenery and the fertility of its soil ; the other skilled in 
the science decides upon a long -rejected lot, of bleak and 
barren aspect, but rich beneam in coal, limestone, iron, 
copper, or lead, which his geological knowledge at once 
enaolea him to detect. The former pays a high price for his 
land, and yearly toils over it to reap therefrom a remunerating 
harvest ; the latter obtains his despised territory for a mere 
trifle, makes his fortune in the course of a few years, and 
when roads and canals are constructed around him, re-sells 
his property for fifty times its original purchase - money. 
Such instances are by no means of rare occurrence. Even 
our own country can furnish examples where estates, sold 
under ignorance of their mineral value, brought only ten or 
twenty thousand pounds, for which, in less than a dozen years 
afterwards, an oflrer of ten times that amount was rejected. 

333. The advantages resulting to civilised life from the cul- 
tivation of geology must be rendered sufficiently obvious even 
by the above nasty and imperfect outline; and yet it is 
scarcely half a century since it was recognised as a legitimate 
branch of natural science. Previous to that period it was 
obscured by absurd theories, which drew down upon it the 
imputation of being a visionaiy and dangerous pursuit ; now, 
by the cautious industry of its cultivators, it is established 
as one of the most important of human acquirements. It is 
taught in our schools and colleges, di€>&excim^\fe*^\s^ \s<^S)^^ij^ 
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and &om lectnre-tootns, and especially fostered by every 
enlightened Kovenimeiit. Like most other Bciences, it has 
Btill ft wide field of reaearch before it, many difficulties to 
orercome, and prejudices to remove ; but, linked in connexion 
with all that ia rafuable and interesting to nitui, there is little 
apprehension for the succeBeful attciinment of its object — a 
complete phyeical hiatory of the planet we inhabit. 
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THE EOYAL PHYSICAL SOCIBTY. ^^ 

Tl^ ^^cietj hold its monthly meeting on "Wednesdaj 
last, — Dr O/'eville in the chair, — when there was a large as- 
Bemhlago of jw^^iiJbcrs present, and manyyisitors. 

Mr Hugh Mj^-CEB road a paper " On tho Oolitic Flora of 
Scotland," illustrat«4 hj a large collection of specimens, ez- 
telusively Scotch, and ^^pi^ed chiefly from the lias of Iloss 
jand Cromaiiy, and the OoM^ df Eigg and Sutherland. 

Mr MiLLSB began by remarki])^, that in lists of our Scot- 
tish fossils he found the names of pnZy two species of Oolitic 
plants, — SquUetum columnare, and PinUei Eggensia, It is, 
however, not tho palaeontology of the country that is in 
fault, he added, but its geologists. The Oolitic deposits o^ 
Scotland do their part in furnishing the specimens ; and if they 
are not known, it is only because the geologists have failed 
to examine and describe them. For many years past, however, 
he (Mr M.) had been gradually colleeting in tho Lias of Koss 
and Cromarty, and the Oolite of Sutherland, the vegetable 
species of the System, and he had at length accun^ulated 
materials enough to raise the list from two to more than 
£fty species, — ^not a very groat number, regarded as the sole 
ropresentatives of a Flora, but comparatively not a very 
small one, if we consider that up to 18o7, when Dr 
Buckland published the second edition of his Bridgewater 
Treatise, Adolphe Brongniart had enimierated only seventy 
species of plants as occurring in all the Secondary formations 
of Europe, from the Clialk to the Trias inclusive. And, of 
course, these seventy species represented at least two Floras, 
— that of Brongniai-t's second, and that of his third period, — 
the New Red Sandstone and the Oolitic System. In justice, 
said Mr M., to the labours of one whose ear the acknow- 
ledgment could no longer reach, ho had to state, that about 
twenty of the added species he had derived from the 
collection of a young man, — ^Mr George Hugh M*Kay, — a 
native of Sutherland, who died about tlu-eo years ago. Mr 
M'Kay was a diUgeut and meritorious student, who, when 
spendjjig his summer sessions at his fathers house in 
Helmsdale, used to employ his leisure houi-s in collecting 
the fossils of the Lower Oolite, largely developed in that 
neighbourhood. He ultimately entered the navy, whore 
he died ; and his small collection had, since his death, come 
into Mr M.'s possession. Trees of tho cone^bearing family 
«oem to have been very abundant in Scotland, continued 
Mr M., during the Oolitic ages. They greatly abound 
among the shales of tho Lower Oolite of Helmsdale. In 
examining, in that neighbourhood, a heap of materials collect- 
ed along tho sea-shore for burning into lime, ho found 
that more than three-fourths of the whole consisted of 
fragments of coniferous woods, washed out of the shale 
be<u by the surf ; and the remainder of a massive coral of 
the Oolite, — laastrea oblonga. Similar fossil woods also 
occur at Port Grower, at Kintradwell, at Shandwick^ 
at Eathie, occasionally at Blackpots nLoax 'ftatii^, ^\v^\x^H>ci.<& 
ialand of Si^- Am shown by th^T iu^OTiiiBh^ ^Xrcw^xa^, N^c^srs 
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eoniUt ofTibfee ipeniw,— tSo alraadr ennmerated speoiei 
"" ' " i», andtwo odior ipocies identioal, apparont- 

1 ouuifiTB of tha Oolite,— the Pence 
e lAiidleiana of Witlmm, Mf M. 
:ba at oonudentble leugtli the itnic- 
y wUicli thfi«e seTeral tpecios of woode 
J roftTTed to certun general charai- 
.■.tliiLit, indieatiso of- the nature of tho 
aic. and of the Hsaaons, milder or more 
LKUcil oTBithem. Iilr M. stated that 
J'ciici UndUiana in the Ecighbourhood 
" hitad in their orom sections moie 
IDE* ciccling round tlie pith. Bp 
i^Hb the Liu 9f £«Uila Qaee difFerenb 
F pine or Arautanan conea, — one an oUlung 
cuneoiconntderahleHi^e, funned somewhat in tho proportiuna 
of the conoa of tho spruco fiunily; ono a emnll cono aomu- 
what rosumbling that of tho Scotch fir ; and one of inter- 
mediate nze, and of a roaaded form, like the cones of the 
Mdua- In tha latL«r he occaaionfdlj detected iihs ihia 
obhmg seeds of tba plant aa entire as in the conea of our ra- 
csnt pines. He had sometimes found, in tha same Liaaic 
heda, though rarely, very minute conea reaembling those of 
the larch. Tha occunenoa of conaa asaoclated with the 
ooniferoua woods of the Oolitic system, — woods which, 
thou^ of axtinct species, were decidedly of existing gonen^, 
— BOoDiB worthy, said Mr M., of apoctal remai'k, in t 
tiou with the further fact, that with the conifeite . . 
Carbociferoua depoaits we hare not yet found in all out 
, British ooal-fields, with but a solitary eicoption, a ainglB 
■ cone, aavo of Lopidodendra, la it not poasihlo that in the 
I Carbonifeiona canara. — Piniia, Pifuf. aod Anabathra,— 
which appyuuk^h but ri?mutu!y to aught that now exists, I 
the place of tho liguamis acaly cone inny luive 
taken, aa in th9 junipeis and tbu yewa, by a i 
fluixulont eonu or periahable berry ? Mr M. then 
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Zamia, not yet figui*ed or described, ooour among the laosic 
beds of Eathie, and with these the oonos of at least two species 
of plants of the same genus, or at least fiEunily, — ^bo^ of them 
curiously oi^anized, and differing apparently from aught 
of the same kind that now exists. Chie of the two leemed 
to be of a character intermediate between the leathern, seed- 
bearing flower of Cycaa revoliUa, and the r^^nlarly foimed 
cone of Zmtiia pun{;etM. Mr M. exhibited specimens of at 
least five other species of Cyadit(», including Zamia lanceo- 
lata^ Ctenis falcaiay and three other smaller species allied 
to Pteroj^ii/llum, With these thei-e occurred specimens of 
a TcBtiiopteriSf identical, apparently, with a species of the 
Virginia Oolite T. matfnifolia. The fronds of some of the 
smuJler Cycadites, said Mr M., could witli diificulty bo dis- 
tinguished from those of fums, which, both in their verna- 
tion and their general form, they greatly resembled. 
The true ferns of the Scottish ()olite were, ho add- 
ed, comparatively numerous. He had found in the 
Eathie beds, specimens of Cifclopteria trichottutnoidesy 
Pecojyteris WhUbiensiSj a Paxhyiiteria akin to P. lan- 
ceolcUay and a large-leaved uudoscribed Neuropttris. 
The Helmsdale and Kiutradwell bods were considerably 
more licli. With Fecopteris Whitbitmi8y PackttpteriSy and 
the undescribod iVeitrc^em, they contained another and 
yet larger-leaved NtwropUriSy also undescribed, with Neu- 
ro2)teri8 recenthr. N. arguUiy N. limieafolia Sphcnopteria 
argiUa, with two species of imdescribed Spheiu/pteriSy be- 
sides an undescribou PJUehopteris, and Pecopteris imignisy 
Pecopteria obtusifolia, and several other species too obscuru 
in their venation to admit of classification. EquUetuni co- 
lumnarCy — a gigantic horsetail of the Oolite fi'om two to 
four inches in diameter, and which must have possessed ori- 
ginally a wide geographical range, for its remains occur 
at Baldissoro in riMhuont, and at Blacklieath in Vii-giuia, 
as also on the Yorkshire coast, had been first detected in 
Sutherlandshire at Brora many years ago by Sir Koderick 
Murchison, and formed one of the two enumerated Scottish 
species to which, in the opening of his paper, Mr M. 
Iliad referred. It was accompanied in the shale beds, 
associated with the Brora coal, by another Virginian 
and Continental species, — one of perhaps the laist of 
tiie calamites, if a true calamite it was, — Calamitis are- 
naceus. Among the miscellaneous plants of the Scotch 
Oolite, Mr M. enumerated Solenites furccUay wliicli oc- 
curs at Kintradwell ; a Clathraria occasionally found iu a 
quarry near Brora ; a curious nondescript seed-spike, some- 
what like that of a shot garden cress ; fragments of B2)athes ; 
fragments of what seem, from the venation, to be dicoty- 
ledonous leaves ; an undescribed plant furnished with 
thick lanceolate, irregularly-alternate leaves, linearly 
veined ; and a hirsute, brush-like termination of 
some nondesciipt think-stemmed plant, that presents 
from two to three club-like lobes enveloi)ed i long 
hair. Mr M. then went on to describe the coal f tho 
Oolitic system, both as it occura at BtoT^if Qb^<\ \cl >iX!c^\^^ 
seam near Sliandwick, in B.088. li xeats, m \Xift \».\A«t V>- 
cnlity, over a dark bituminoua shaVo, cYiargevSi Vv^i^v ^s^«^^sr 



He xnS bnokbh-intter shollg, aucfa at cyolas and pema, and 

overlaid b; on Bronaceous marine deposit, ob^god with 

lenmitea, Binmuaitee, phluadumjEe, and plagiostoma. Tlio 

im liod boon formed apparently in a marsh ocoupiod for 

js by foreala of uquatio plants, chiefly calauiites and squi- 

ftCBj, and into winch the sen occaBioDally, and after wide 

inbervalfl, quietly fijund its way. And tlieD, through Romu 

■uddoii doproasion of tho land, the wivei itmhad violently in, 

ohatged with mud and sand, and bearing with tkem many 

a diepartdd valve and Itrolcon ammonite, and tho doposit be- 

oame permanently a marina ono. The Btora coal tuul boon 

wrouglit more oiteuuvely, said Mr M., than any othar coal 

of the Oolite in the BlitiaU jalanda. Not fewer than seventy 

between the yeaiB 1814 and 1836, whau the workings were 
flnallj Bhandoned as unrBmunerativa, — rather, however, 
" the inferiority of tho coal in (quality, than from any 
:l in quantity. It flared and ovackled in the grate as 
uui! of the moat inflammable of coala, and throw out a cheerful 
blaza with many ahright jet of gaa ; but then, an odour soroc- 
what resembling that of a lung-uteil tobacco-pipe used to fill 
the apai-tmenta in which it was burnt, and the fire which 
it formed, though strong, was flVBueacent, and soon aont 
iaW ft hiMp of gay ashm. Mr Htllet •Muctuded hia paper, 
whioh was of conBiderable lei^th, with tHiino genei-at re- 
marks on tho character uf the Oolitio :Flora. The Flora of 
Naw Zeainui, lie said, is remarkahlo for the great aban- 
danooofitafomB, auditavat' ■■ • - ■ ■■' ■• 



a tlia liill-ddea of the country, are cryptosamic ; and 
i curious cirao'Dstaiice, that so stiallow is tho soil, oven 
iU greatest Biresta have sprnng up, and no im- 
mediately doQs the rook lie below, that the aenttid 
of the trees do not ttriku downwards into a tap, 
thick network of ruot:4 aprea^lfi out horizon- 
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what remainH, very couHiderablo space in its vegetation ; 
and with thorto thero were associatuil, also in groat a])un- 
dance, the dominant families of the Ptoroides, — Efiuincta 
and Lycopodia, — plant* which, in aliiioHt every mudem 
treatise on foms, take their place as the fcm-alliefi, or even 
as subordinate groupos of the fern family. To the true fuma, 
the gi-eatly higher family of the Cycadacere, even in its mo- 
dem examples, is recognised as bearing direct analogies ; — 
both have their circinate vernation, and couaidunibly re- 
sumblo each other in the chai-acter of their leavori ; and so 
much more nearly did their loaves ai)proximato in the 
times of the Oolite, that some of our first foFwil bo- 
tanists have confosHOfl themselves unable to determine 
whether certain Oolitic fronds, found iu a go(Kl state 
of keeping, belonged to true ferns or to true Cycadacooi ; 
or whether, as is more probable, the families wore not unit- 
ed in those early i^es by some intermediate family, of whicli 
we no longer poBsess other than distant represoutativcs. To 
the Cycas family that of the Conifer» is so nearly allied, 
that we now find them classed under one head, in all our mo- 
dem treatises, as the (Tymnosponmc. Some of the lower pLants 
of the Oolitic i>eriod, too, bore a marked resemblance to its ' 
conifene. The circumstance that iu examining the foliage of 
some of its vegetable species, it is scarce possible to determine 
whether it liad belonged to club-mosses or cone-boaring trees, 
Mr M. had already remarked ; and the points of resemblance 
borne by the latter to the huge horse-tails of the period seem 
to have been not less striking. Mr Francis does not hesitate 
to say, in his work on British Ferns, that *Hhe relations 
of the equisotaccaj to the conifera) are ho strong, both 
iu extemal and intemal structure, that it was not without - 
some hesitation he placed the former among the fern allies.'' 
Mr Miller then represented the relationsliiim of the Oolitic 
Flora by a])entagonal diagram, of which thesides represented . 
iu succuHsiun the Conifera, the Cyciulacecp, the true Ferns, 
the LycopodiacttBf and the Jiquvictacece, and ran briefly over 
the various points of resemblance which in tliat order served 
to connect each to each, and to form the whole into one. And 
such, cimtinued Mr M., so far as is yet known, was the essen- 
tially poor but curiously related Flora of the Oolite, — a Flora 
which, iu deposits more than four thousand miles asunder, is 
found to preflcnt the same general characters, and even the 
same species of plantb, and which seemB tohavo mainly differ- 
ed from that of the v/oal Moasures iu the introduction to so 
largo an extent among its forms of the Gycadaooous family,-- « 
in the disappearance uf many of tb# more ai^oxoalous types 
of the earher system, such aa Siglllaria, Ulodendron, I^th- 
rodendron, ana Favularia, — and in the nearer resemblance 
borne by all its families to vegetable types which still continue 
to exist'. Further, there is a striking difference iu the intur- 
nal structure of the woods of the two periods, said Mr M., 
indicative apparently of a marked dissimilarity in the cli- 
matal conditions under which they had respectively grown. 
In the Carboniferous woods the annual rings aru %Vnvv^\» ^- 
ways citiier wholly obsoleto, &a in. PiaUtt WVlVawA. -aa.^^ 
Piius antiqua, or about as IndiBtAius^i k»A ^"^^ PlwXe* wAd,\>X- \ 
laris), M wo now find tliemin ilaoao \xi\«T\.Tvv\>\«aX ^»^^^««^ ^^ 
tho present day, in wMcU f aint\y msMcVLaOL Qwa<ivso.\.Tvci ^vvi%^ 



Indisata tather bshcoib of heft or drought thsD uagons of 
ooH. En dw woods of tha Oolite, on Uia contrary, wo 
iee Tinter Httdng iti s&ai not Ifls* dacidedly in concentric 
linw of thiokened tiwae, tlfin in the trees of our Scotch 
foretti of tbe pauiDE as^ ; ^Qtl >•■ find U|rae annnal rings 
giving 8»idsn»e^ by tlieir vajying treadth and irreguiar 
gi-ouping, that of tllQ Oolitic lummoFK, oonjc, as nov, 
were leu, and soma mors genial, aad that of tho OoliUa 
wiiiton, Kms weie leai, and aome laoca teitipoTate or sui 
In ths northern portion of out awn country, thii Flora ot 
Oolite ipranj up dtbi a anhioll eompoMd almost ei 
■ivelj of Ml Old Kud Simbtone, whiah aiiited then, 
now, ai a eolid, fuuil-boariiig rock ; frum fragments atill 
locked fiut aniui^ the intoraticea of the potriled Elumpa, 
and wMoli HJern to have been detached from tho un- 
derlying maH aa the treaa ffell, we deterniino that 
tha bottom over which they grew waa formacl of the 
Lower Oil) Red flag-itonen, ohaigedwithbltumialzedicbthy- 
oiitee ; and the vegatablo moidd darived from this luok, 
—^ave that, from a lai^ of the boulder claya, it ruudt 

Juorer and ehallower than that which over- 
Aad dopOHits ia tho Lowlands, — moat haTe 
•mnowliat raaembled the aoi] of the lower plains of CaithnsM, 
Cromarty, and Eaa tor Rubs. And on tJiia Pnltoozoia tdat- 
fonn, long aipoaed, ai tha Oolitle eonglomeratea tcBtiiy, to 
dcnading and disintegrating agaaciea,^ platforui beaten, 
where it dsaoended tu tho seB-lovel by tho eurf, and washed 
ill the interior by riTera, with here a tall hill or abrupt 
pracipicB, and there a Sat plain or aluggiah moraas, — thora 
grew vast foreata of oone-hearing troea, — tangled thiolceta of 
gigantic oqUisoUcem, — oiuneroaH forma of Cycaa and Z.i,raia, 
— and wido-rolling loaa of fern, amid whose open, inanlar 
fliiacea dub-moBaaa of extinct tribes aant forth their long 
ipLky and dry, and thickly mottled with theii' 
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"Mtauon 01 yie uomio penod bad norer been seen m 
Sootland before. There were among them some which 
■eemed to be quite new. With reference to Mr Miller's 
pentt^onal diagram, it was true that the great mass of the 
Oolitic flora was composed of the five natural fami- 
lies indicated; but there were two specimens on the 
table which appeared to possess a dicotyledonous struc' 
tore, and were therefore exceptional to the rule, 
and interesting from that very circumstance. Further 
researches woiQd doubtless throw additional light upon the 
subject, and it was to be hoped that Mr Miller would take 
an opportunity of examining the Oolitic deposits in the Isle 
of S^e, referred to by the I>uke of Argyll. 

Professor Balfoub warmly concurred in the eulogium 
bestowed upon Mr Miller's laboxu's, remarkii:^ that scai'cely 
anything had been previously known of the Oolitic Flora of 
Scotland. He adverted to the great difficulty of distinguish- 
ing between the foliage of the Lycopodacea, when in a fossil 
state, and that of conifer» of tne genera 7^U3ra and Dacry- 
dium ; and made several interesting remarks on the absence 
in the Oolitic Flora of the more extraordinary Carbonifer- 
ous forms, such as SigiUaria and Lepidodendra, — connecting 
links apparently between the Oryptogamio and Gymnos- i 
permous families. He deemed it n^hly probable that in 1 
even the Oolitic Flora there had existed links, now wholly I 
wanting, between families such as the Ferns and the ' 
Oycadaeea. 

Mr MiLLEB stated in conclusion, that the fragments of leaves, 
resembling in their venation those of dicotyledonous plants, 
to which Dr Greville referred, are of exceedingly rai*e oc- 
currence in the Oolitic beds of Sutherland, which differ 
materially in that respect from the Tertiary beds of Mull, 
discovered by his Grace the Duke of Argyle, in which the 
prevailing forms are dicotyledonous. His [Mr M.'s] pen- 
tagonal diagram could, of course, only be regarded as re- 
presentative of the prevailing vegetable families of the 
Oolite and their relations, so far as its Flora was yet known ; 
and it was submitted to the Society as merely provisional, 
along with the seeming exceptions. These last, however, 
were as rare in the long-explored Oolitic beds of England 
and America as in those of Scotland. 
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n. On the Corals of the Oolitic system of Scotland, with 
a notice of certain lithodomous Bhells of the same period, 
by which some of the more massive species were hollowed 
in their recent state, by Mr>Hugh Miller. 

Mr MiLLEB began by remarking that corals are ex- 
tremely rare in the Lias. Messrs Milne-Edwards and 
Haime figure, he said, in their elaborate '* Mona^ph of the 
British Fossil Corals," only three Liasic species, two of 
them exceedingly minute, TurbinolidcBf and the thii*d ap- 
parently a CycUliophylImn, of doubtful lineage, and very pro- 
bably, it is stated, a misplaced Palseozoic specimen. In the 
Lias of the eastern coast of Scotland, at Eathie, Nigg, and 
Shandwick, Mr M. had not succeeded, after the search 
of years, in finding a single coral ; in that of Skye, however, 
he had been more fortunate. When examining, nearly 
eight years ago, the Liasic deposit at Broadford, — by far the 
most extensive development of this formation in Scotland, 
for it runs across the island fi*om sea to sea, in a bolt from 
two to four miles in breadth, — ^ho came, near the base of the 
formation, and at a little distanco fi*om whore it loans 
against the so-called Old Red Sandstone of Slate, on what 
seemed to be a dark-coloured bed of concretionary lime- 
stone, of very irregular surface, and varying from three to 
four feet in thickness. The seeming concretionary masses 
were separated by what appeared to be a gray, indurated 
mud, which wrapped them round, concealing their true cha- 
racter; but where the edge of the bed was exposed to 
the lashings of the surf, the hardened mud had been wash- 
ed away from the calcareous nuclei ; and Mr M. was not a 
little surprised to find, that the seeming concretions were 
massive corals, apparently all of one species, and evidently 
of the family Astreidae. The masses in this unique bed, 
each a corallum, are of irregular form, but usually flat and 
oblong, and vary in size from nine or ten inches in length 
by six or eight in breadth, to from three to four inches in 
length by fix>m two to throe in breadth ; while in thickness 
they vary from about two-and-a-half inches to less than an 
inch. They are thickly covered on all sides by shallow 
polygonal calices, irregular both in size and foiin, for they 
vary from nearly half an inch to little more than a line and 
a half in breadth, and present from four to six sides. The 
dividing walls are thin, and not prominent ; and each calico 
is traversed by from thirty to sixty septa of unequal 
size. A coral of the Inferior Oolite, Isaatrea tenuistrihta, 
resembles this Isastrea of the Lias more closely than any 
other fossil species yet flgui-ed ; but in the Oolitic Isastrea the 
calices seem to be more equal in size, and more regular in form ; 
and from the smallness and fragmentary character of the 
specimen given in the monograph, Mr M. was imablo to de- 
termine, he said, whether it possessed what seemed to be 
the most marked characteristic of the Skye coral. In all 
the other species of Isastrea Mr M. had yet aG^xi., ^?*&\v 
corallum has a determinate base Iyocq. 'w\si«3cL>^<i<tfiTVJJoJw2» 
i-adiate ; whereas in the Liaaaic specivia W^«y ^aevsi cc>rQSKc^- 
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luge), like the cella ii 



m (which appeantu 
ineycoiabj udiI even < 
iBT wen-like protubeFancaB on the general (umce, in a 
way that precludes the possibility uf thair having radiated 
from any common aiis or centre. The history of thia 
coral lied of Skye. no unique in the Lias, seems to be simply 
as follows :— In what ia now the Inner IlebrideB, as in owor 
partaofthe British islands, the liasic deposit appears to hare 
been a muddy one, nndnnfavoui-able, inconseiiuence, totho 
grovth of corals. Comparatively early iu the period, how- 
ever, a pause took plaoe in the proeeBs of cleposition,- 
masrive conila began to form at the bottom of a clear sei 

.another formed oier it, until at length the bed had bcoume • 
reral feet thick, andtheo the deposit suddenly returned to i 

which insinuated iteolf into all the inteiitices uf the bed) 
«B the run lime of the mediieval builders imtiniiated itself 
■ " "" 'iicli tliej filled up the i 
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richly charged with the peculiar 



momtes, helei 



n,— not a few of thesi: 
Ui of the Lias, — am 

^_.. . ._ ._jm to the depth of several hundred 

foot ; in a few of the overlying strata the same coral again 
appeared, but only in small and unfi-equent specimens ; 
and, so far as we yet kaov/. Dot until the times of the 
Lower Oolite did corals in any conaidcmte abundance 
uain live in the seas of the Scottish Oolitic System. 
The Xiover Oolite, as developed in the neighbourhood of 
Bslmadale, on the north-easlem coast of IJie kingdom, is 
•compuaiively rich in oorals ; at least, if ^eclea be not nu- 
meroiu, individual specioiOQs are far m>m rare. Mr 
M. bad »' ■-' " "- "--' — 
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tiio bentre of the visoei-ol cavity. In the thickness of its 
walla and the character of its septa, this Helmsdale Idastroa 
r'eatlj resemhles the Isanfrea oblonga of the superior Oo- 
•■i le, a species which has been found hitherto only at Tils- 
'juiy, Wiltdiiro. It also resembles, however, though in a 
ess d^^ree, Isastrea Richardsonit a coral of the Lower 
)olite ; but is possibly a new species. Mr M. had found in 
jLo salne beds, though much more rarely, what seemed to 
ho a different species of Isastrea, though closely allied to 
fHko one described. The oorallum, massive like that 
•of ^he other, is always greatly smaller; the cali- 
■cea, UowevoTf are considerably larger, and rather thinner 
in the wallfl, wliich do not stand up so abruptly over the 
central hollows; the septa vary from about twouty to 
twenty-four iu number ; and where they meet in the cen- 
tre, they rise in many of the calicos into a protuberant knob 
like the termination of a true columella, which, however, 
ilike all the other speoie» of the extinct genus Isastrea, it 
wants. AThamnastroa is also found in the same beds, but 
always hitherto in a state of bad keeping. Unlike any of the 
Oolitic Thamnastrea figured by Messrs Milno-Ed wards, and 
Haim^, the corallum forms a mere incrustation on rock3 
and stones of older deposits than the Oolite, and is in some 
H])ocimens less than half a lino in thickness : the calices are 
small and shallow, and rathor thickly sot. The circular 
elevation, which corresponds in this genus to the onoloaing 
wall of Isastrea, is very apparent in weathered speciinaus, but, 
as iu Thamnastrea Lyeltif only faintly visible in those that 
:!Ui'e loss worn ; while, as in the species Tfianiiiaatrca scita, 
ithf columella, if it at all possessed one, was rudimentary. 
Mr if^ had usually found this species eu crusting massos of 
indurated Old Red Sandstone of the flagstone formation, 
wliich umfit have been as ancient a looking rock iu the 
.tiuies of the Oolite as it is now ; and, when laid 
ropen by the waves along the beach, must have ex* 
Jbibited its ichthyolitic remains in their present statue 
«9f keeping. In fine, in its rocks and stones, this beach of 
thfe Oolite, on what is ijow the eastern coast of Sutherland, 
must hav« resembled that of the neighbouring county of 
Caithness in the pr.eseiAt day. And as on the latter shore, 
/n,s we approach tlu> line of extreme ebb, wo find rolled 
,m*,«!80S of dark gray flagstone, pai-tially covered with pale- 
(Colovred nulli]>orite encrustatioi^s, th^re would have been 
found, had there been an enquiring eye to prosecute the 
jaearch, fiJTular dark gray masses, bearing their encrustations 
,of Thainna*t;:ea, along the old shores of the Oolite, But 
while the fran^^work of tho scenery must have been thus 
the saiiiie in bot^ ei'as, and the same incalculably ancient 
Hea must have brpl^en in both against the same old fossil- 
bearing rocks, Ijipv e^ti^ely different must not the vital 
acenery of the two periods have been ! "Whore we now see 
microscopic lepnJia ani^ dvarfjsh sertulana, huge Isasti*ea, 
/embroidered by their flower-like polypes, and ^\Aa-«^^«s3A.- 
jng sheets of Thamnastrea, aimiUirVy mo^VX^i^, -rcoas^.^cvai*'^ 



gItBjusd white tlftuu]^ tho green deplJw of tlio waiter ; ai 
thoir eiiitlng npresauUtives may be seen glcniuiug from 
the quiet neetaea of tnipioail lagoons in tlia prescat ilaj ; 
the ammoQite and lieleinnita muat tjavo csTearcdovcr aud 
uonnd them amid tlie skeen of ganoidal bcoIsk ; and whure 
the seal nowdiiporti, the pleBiosaunis [Qust liavo aamliollod, 
aod the goggle-ojed ichthjuBaui-UB have ilnrted aluug 
the tracta now travorsed hy the porpoise and tlie whalo. 
■Tha Oolitic doposita intlie neighbuurlioodof Huliusdalocou- 
siat mafnlyufbeda of a laminated, diirk-uelouJ'odT Areliauuuut 
shale ftbarged with ammunitee nnd Ijetemaitea, serpula aud 
terebratala), which alternate with beds of a i-ongh cunglo- 
meratB, foiiaod ohiefly. as bad boon already iutimatod, uf 
Old Bed Sandstone materials. The corals,— ospeeiallT thoBo 
«f the genus Isutrei, — occur both iu tho shales and tiie coa- 

Elomecatos ; but itieunid the rocky masiios of which the 
Ltter are composed that thoy soom to bavo grown ; and in 
the shale we not unfreaqoiitly find them orurtumed, as if 
tJiey had bean tum with violonoe from their propor habl- 



. rf> belong to the gcnuHTheuosmilia. In both tho 
coraUum is compOHite and duuJioid ; but iu the ime the 
branohes strike uiT at more acuta angles than in tho other, 
Eti calicos, too, aro moru rounded at their edges, and its 
■epta less simple, more fleiuoiu, and mom promi- 
nently denticulated. Su imperfect is their ttate of pra- 
Bervation, that neither species eihibits tho citerior cu^it- 
jug or epitbeea characteristic of the geijus. Tlie place 
in the mtom in which they occur is Uigtier tlian that of 
tho beds at Helmsdale, but not higher than the ) 
Great Oolite. And such, aaid Mr M., ivare all 
ofthoOolitie sritem in SooUand w 




ft 



'-/ 



■so many of tho calcaroous massos tliat laj scuttoi'od 
on the beach on every side of tho B].'Ocimen ; but it u shut 
£"ml7 up by th ocoarse gritty Handstouo in \rhiuh the 
•corid itself had lain buried ; and a fragment of carbonized 
"Wood lies embedded in tho entrance. The cave is curtained 
across by a wall of masonry, immensely more ancient than 
that Trhich converted into a prison the cave of the 
Seven Sleepers." Several years, however, elapsed from 
this time, ere Mr M. succeeded in detecting the shells 
by which the cavities had been formed ; and not mitil two 
years ago did ho find sjiecimens sufficiently entire to admit, 
and that still but imperfectly, of description. They seem 
to have been slim wedge-shaped bivnlvoH, greatly resembliug 
modiola, but belonciug evidently to the geuus Lithodomus. 
Sir Koderiok Murchison, in his great work on the Greology 
of Russia, figures a Lithodomiis of the Oolite of that coun- 
try, under the specific name JAthodomns Eramanus ; but it 
is a greatly smaller shell than the Scotch one, measuring 
little more than a quarter of an inch in length ; whereas the 
Helmsdale species measures, in Mr M.'s lai^er specimens, 
two inches and a line in length. The Kussian species, how- 
ever, in proportion to its general size, sqpms to have been a 
massior and broader shell. An Oolitic bivalve figui'ed in 
the same work as MytUua vicinal-Mf very much lesembles, 
both in Hizo and form, save that it alsois proportionally a mas- 
eier shell, one of his smaller specimens. Some of the larger 
masses of the Helmsdale Isastrea are much fretted by 
this busy excavator. In one of the smaller fragments of 
coral on the table we find the fossil remains of three in- 
dividual shells that had burrowed in it, and the cell of a 
fourth i oud in the massive corallum beside it thciQ are uo 
fewer than touj'-and-twenty ot ^these excavations now filled 
wi th grit, but doubtless once tenanted by a borer a-pioce. If, 
ai id probable, it was living at the time when the excava- 
tors were at work witliin it, and possessed, what is more 
quostiouablc, the sense of feeling, it must have been wofully 
Rubject to stomach complaintsand fits of griping in the bowels. 
Thoiigh these lithophagi of the Oolite occur chiefly in the corals 
of tho period, they are not exclusively restricted to them. 
MrM. had found them, though rarely, in Old Red flagstones of 
the conglomerate, and had ascertained, that had there been 
naturalists in those days to difier and dispute, the question 
mij^lit as certainly be raised as now, whether the Btonc-bor- 
iug shells made their way into the masses which they in- 
habited by mechanical means, or through ihe agency of 
some acidulous solvent. The corals, in their recent state, 
wore of coui-so calcareous, and, in oonsequenoe, dissolvable 
by an acid ; and the flagstones which tlie borers usually se- 
lected also contain a good deal of calcareous earth ; but their 
prevailing material is so largely aluminous and quartzose, 
tliat it seems scarce likely that a mere solvent could have 
perforated them. Mr M. ventui'ed, in conclusion, ho 
said, two general remarks. First, the corals of the Oolitic 
system in Scotland, massive in aize, mA Q<i.^\axvxi5?» "^v 



imo lucalitiea in vei7 cunBiderable abnfidBDce, TtoembLo 
I ilioK reapecta no Tocent corali of the bighflr lati- 
idoi. The coT&k oT the higher latitudu arts, vu 
nd, either diminntive or few, Oroupa of lorgu 
jihIb tti-o chwicteriatio cit the intertropi<al 'mm, or 
t loaab of seaA of either hemiaphara that border oa 
:ie tropics. J!r-M. had seen an Isaitrin of Heliogdale that 
luaaured about two feet and a-half in length by about 
ightesn inohae in breadth, and which - "- '-"' " ' - 
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J of TUecatiuHa ojmuiam have been found 

in the Coral Rag of Eugland, that meaaured from a foot 
and B-half to two feet in height. There occur no auch 
corals DOW in leaa which he between the fiftieUt and iiiz- 
tiutli degrees of latitude, whether to the aouth or north of 
the equator. And thungh ho (Mi M.) would not found 
much on one or two oiceptiunal speciae, he did think that, 
seeing we wouhl at once pronounoa ■ iiimilar group of re- 
cent conUfl to be the prodiiet of asas greatly wanner Uian 
our own, we might, he tliought, be parmitt«U to infer, — rea- 
•oning from what we know,— that the Oolitic aeas of what 
is now Scotland wore of a higher temperature tlian our 
Scottish seaa of the present day ; — and that, in abort, in the 
corals of the ScotcTi Oohta, wo have one of numy eri- , 
B _ that in this eai-ly period those northern region! i 



e genial cliiu 
iur oL, ouaou, nowover, that in t] 
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tbe geoiosio creatumfl. Bo fiu: as we know, ammai juie ex- 
iflted at all timet, when it existed at aU, in its four master 
types, and no more ; and these in the OolitLo ages— life radiat- 
ing ronnd a centre, as in the Isastrea— life lodged within a 
series of rings, as in the annelids and the cm st aoe a — ^life com- 
bined with a duality of CQiresponding parts, as in the cut- 
tle fishes and the clams, — and me assodated with a brain and 
vertebral oolunm, as in fishes and reptiles — ^were not less 
prominently developed than now. Had a Cnvier then ex- 
isted to write the history of animated nature, the various 
classes would have oocumed very different proportional 
spaces in his '' Animal Ainsdom" from that occupied by 
those of the present time ; but the master divisions — ^verte- 
brata, mollusoa, articulata, and radiata — ^would have been 
the lame. For of all the creations, repeated Mr M., 
in the leading ideas there has been no change. Two of 
these we find exemplified before us (he continued) 
in nngle specimens ; — ^those in which the lithodomi 
lie Bepultured in cavities hollowed in Isastrea; and 
wo are enabled to trace this identity of idea into 
yet minuter ramifications, when we thus find that 
along these old Oolitic shores of Scotland, as along the 
shores of our country in the present day, the rocks were in- 
habited by their hermit shells, — ^the JEdomitea of the mollus- 
cous world, as a modran naturalist poetically terms tiiem, 
— that Bpont silent lives in excavating for themselves cells 
in the stone, in which they watched in patience for the 
food brought them by wavelet and current, and which, like 
the cells of so many other anchorites and recluses, were ulti- 
mately to prove their sepulchres. The idea that stones and 
rocks should be thus inhabited is an idea old as eternity ; 
it must have had being cu an idea ere the existence of rock, 
or coral, or molluscous life ; for He from whom it emanat- 
ed saw the end from the beginning, and makes no acces- 
sions to His fund of thought ; and to be jiermitted thus to 
trace it towards its source, and to detect it embodied in a 
creation whoso lost surviving organism perished myriads of 
ages ago, enables us in some degree to conceive of the fact, 
and to conceive also of the fixed character, of that Master 
Existonce, the Author of all, who said, in a long posterior 
ago, when revealing Himse^ to man, " I am the Lord, I 
change not." 
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ON THE ANCIENT GRAITWACKB ROCKS OP 

SCOTLAND. 

£y Huoh Milleb. 



Head before the Royal Physical Society, IMh Nov, 1852. 

^▲BT FIBST (HISTOBIOAL.) 
''Fbom Portpatrick on the west ooast, to St AbVs Head 
on the east/' says Dr James Hntton, in his far-iamed Theoxy 
of the Earth, " there is a tract of Schistns Mountains, in 
which the strata are generally much inclined or approach- 
ing to the Tertioal situation ; and in these inclined strata," 
he adds, " geologists allege there is not to be found any 
vestige of organized body." But the opinion can be 
** proved," he further states, ** to be erroneous." He him- 
self, indeed, though he had been occasionally employed in 
examining the rocks of this ** south Alpine country of Scot- 
land'' for more than forty years, had failed to find in them 
any traces of the organic ; but his distinguished firiend Sir 
James Hall, when travelling, in the summer of 1702, be- 
tween Noblehouse and Crook, had detected «ft-ihelli in 
*' an Alpine limestone" by the wayside, at Wrae HUI, in 
the parish of Broughton, and thus demooBtrated, as the 
limestone is intercalated with the Schistus rooks, the fot- 
fiiliforous character of the deposit. Even geologista had 
not yet become palseontological ; and we find Sir James, in 
a passage quoted in the ^'Theory," describing the ikells which 
he had detected, simply as ** forms of cockles." He was 
greatly more exact, however, in his appreciation of the me- 
chanical peculiarities of the deposit ; and in his descrip- 
tion of those stroDgo convolutions of the strata which give 
to the south of Scotland its series of axial lines, and its 
repetitions of beds and bands that come ever and 
anon to the surface, and continue to render the place, 
ef at least its nether groupes of rock, so obscure, is still ap- 
provingly referred to by our higher geologists. To account 
for those strange foldings, Sir James, in his paper in the 
Transactions of the Royal Society of Edinburgh, ** On the 
vertical position and convolutions of certain strata, and 
their relations with granite," broached that theory of late- 
ral pressure, applied by some unknown force outside the area 
of the foldings themselves, which is still regarded as the 
best yet originated on the subject, and illustrated vi\s^ \£Ak' 
famousexpenments of the bands of van,o\xaVy-t\si\Ai^<^BrS%v(A^ 
the lajrera of differently-coloured clot\is,'w\^c\i\iB wajofia^^^^ 
2D preasing, by tl/e application of laietcai toTca» tca«L ^"toxv.- 
gontal into a oonvolntad position. Hia pai^x 3i^'DsA»«e'««''* 
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iuiti ooiopleted rorm until tba joBrl812; but w> bi> tUeorj 
bad been originatod more tlma. tiysBty years prerioui, 
■when, OB viiitins, in tlio oompany of Di' Hatton nnd Pro- 
feuDT Playfair, a portion of the oant ooait of Berwiokshire, 
he found no fower tbou ' ' iiixtwjn dutinct banding of tbo 
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known to hU ftciantific friands, 1 refer to thorn at this oarlj 
■tBge in my brief aketch of tba biatorj of goologicil diKo- 
vary in oar SoottisU Grauwacte. 

Dr Hatton bad described tba " Alpine Bobiatm" of ths 
■Dutb of SootUnd AsbslongiDg to tbo Primiry clssa of rocki, 
and founded an argnniant for his tboorj on tba fact tbatj 
in direot oppoaition to the beliaf of goologiatK re^rding 
tba depoBita of tbia apocial diviaion^ thoj yet do contain 
fomila. In 1805 Profasoi Jamuson publiabod bia "Mincra- 
logLflal DoioriptioB of Dumfricaihire y" and to bim mnat be 
Usigned tbe merit of finit determining tbat tlienD ancient 
ichista beUng, not to tlio Primacy, but to wbat 'Wemor 
liu termed the Traaaition or Orauwacka Soriee. He 
itatei in tbia work, that lie hod traood tbaso Transition 
rooks in Scotland "trota the nui-tbam extremity of tbe 
Fentland Hilk, which ia about tix. miles distant from tbe 
*horai of the Frith of Forth, to Luug-robio. in Dnmfriea- 
ibire. about three mHaa from tba Solway Frith." Wefind 
him, too, giving very corrsctlj tbo obhav liiuits of the sys- 
tem aa developed in our sonthem counties, and classifying 
viib muab preciaion tbe mechanical and miueralogical pecU' 
liarittea of tbe rucks "vhich compose it. But when he c-omea 



not poBBlbly hare avoided makiiig the o^Menration. Ue hai 
been very properly puniBhed for the omisdon. The asser* 
tioii' that Grauwacke containB petrifaotions has been de- 
nied, and our author has been challenged to produce a 
ringle petri&ction in the Grauwacke of Dumfriesshire. To 
us, who know perfectly well that vegetable petrifiM^tions 
are very common in that Grauwacke, this ehallenge appears 
not a little bold." Thus far the reviewer. He seems to 
have observed for himself, but not very correctly. Mr 
Harkness tells us, in a paper which i^ypearod in the 
CkologictU JoumtU for 1851, thai thooi^ the Dumfries 
Chmwackes contain thisir thick btedi of- Antbndte, of' 
apparently* vegetaUe oligiB, tbore has tmaa' detected in' 
them no vegetable. lemalnB whateyer ; . tboy aibound, how-, 
over, in graptolites ; and it was J^robably these leaf-like 
zoophytes, whose nature if stilLsa imperfectly understood^ 
that caught the eye of the reviewer, and constituted hit 
''vegetable petrifactions." The Grauwacke of Scotland 
does, however, contain v^etable impressions apparently 
fuooidal; though they are far from common in any of the 
rocks which I havo yet seen, and yield no characters by 
which they can be diBtinguished from the simpler fucoids of 
the Old Bed Sandstone. In one of the specimens now on 
the Society's table, derived from the shales of Girvan, there 
occurs a fucoidal stem of this latter description, associated 
with graptolites of the double-sided genus diprUm, — a genus 
never found, it is said, save in the Lower Silurian. 

In 1808, Professor Jameson published that third volume 
of his " System of Mineralogy," in which he fully deve* 
loped his geological views, and described, in language that 
has since become obsolete, the character and order of suc- 
cession of the various formations. The work, however, added 
nothing to the previous knowledge of our Scotch Grauwacke, 
save, perhaps, a very curious hypothesis regai*ding its con- 
voluted strata, framed evidently to meet the theories of 
Hutton and Sir James Hall. ** Very striking curvatures 
sometimes occur," said the Professor, "in Transition or 
Grauwacke slate. The waved and concentric circular ap« 
pearances are the effects of crystallization, whereas other 
curved and angular appeaiunces seem to be connected witji 
the mode of deposition of the strata, and may be traced 
either to inequidities of the fundamental rock, or to ir- 
legfularities in the deposition of the strata them- 
selves^" We do not now expect so much from crystalliza- 
tion; nor, whenweseefoarils spread au.toTi«k^6s^«iJL^^JtfKa»^' 
do we try to believe thftl, in defiiance oi \Jiaft\3Kw oi ^pwiSJ»*» 
tioD, they had pasted thamiBlyQa tli«i» oi o\^, a» otw^ ^^«*«^ 



printB npon a botboii ; but as a fosail tieory may bo in boidb 

the uie of tho oitcact will, I trust, lie forgivon lae. About 
four yean after tba publicstiuu of Frofsuar JumeKiQ'* 
vatic, tbo lnt« Mr Tbuuiia Allan of tbia city read > 
very able paper beforo tlie Bdinbnrgh Boynl Society, on 
tbo " Truarition Booka of Wamiir," in wbicb wa find 
reforencD mads to their foaailifaroos obatactar in ouc 
Boutbem Higblands. But tbere ore QO uew loualitioa 
given. Over tbo one diBOOvery of Sir Junes Hall at Wras 
Hill our Scotch geologbta seeiu to have bybemated 
fur more tbnn forty yean. In truth, the great eontro- 
nto Plntoniata and Nqj- 



A to baYO opBi'ated nn^vonrablj 01 
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grea of geueral diacopory. 

■halvea for some wanted TolamB, wa soon Bome tu find that 
we hare eyes for only it, and that all tba other volumet 
tail to altmct notice or attention. And such eeenu to lutTS 
been the case with not a few of our Scotch geolagiata; — they 
went out to aearob among the •bslvoa of that great gaologio 
library, io which the eady bialoriaa of tbo globe are atored 
up, for wbatevor could be made to tell in favour of their 
own bypetbeais, or to militate against that of their ntigh- 
boUTB ; und, oogroued by thia one object, they Hem 
to bare been indiffereatly auited for tbo accoiapUih- 
mont of auy other. In the various notices of oar 
Scotch Grauwacke n-Mob occur in the TraDsactions of 
the Edintergh sdotrHfic- •mnotiw during tiks yean in 
wbioli tbo battle raged between the two labools, I do not 
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•qaaDy remarkable for th* boldneis of iti theudes and 
ilw traiihftilnMS of lis olitenration,— geologiiis were fint 
iolcl that there ezUt fosaiLi in the Grauwacke-alate of the 
P«ntlan£. The^ organisms of the older rooks are not un- 
frequently restricted to a single stratmn : even in the Lower 
Old Bed Sandstone one may pass along sections of the strata 
Biany hundred feet in thickness, without detecting a trace 
of aught organic, and then find in some thin layer, per- 
haps not a foot in thickness, the fiiooids, or fishes, or minute 
bivalyes, of the formation, congregated by hundreds and 
thousands; and in the Scotch Gimuwacke this pecu- 
liar arrangement obtains in a still more marked degree. 
The organisms of a wid» district of country are con- 
fined often to a single layer, occupying scarce half 
an inch, in a section thousands of feet in vertical ex- 
tant. And such seems to be the arrangement among the 
ancient slates of the Pentlands. Mr Maclaren foimd hig 
fossils near Deerhope-foot, at the side of a small stream 
th»t falls into the North Esk;.and he describes them in 
the portion of his work devoted to the geology of the Pent- 
land range, as of two kinds. In one, fragments of what 
seem minute trilobites are congregated together in thin 
layers ; in the other there are the distinctly marked impres- 
sions of what appear to be orthooeratites. I owe two of 
those Pentland fossils to the kindness of Mr Maclaren. The 
one, apparently a portion of an orthooeratite, exhibits a side 
view of what seem to be five of the septa ; the other greatly 
resembles that curious and still but imperfectly understood 
v^etable of the Coal Meaforss, SUirvibtTgiat ajfiproximcUa : 
but it is in all piobabilify not % yiii^table, but an animal 
organism,— very possibly an orkhoceratite also. One of 
these specimens bears on the label the. date of its discovery, 
(7th April 1834),— a date five years anterior to that of the 
publication of Mr Maclaren's volume, and forty-two years 
posterior to the discovery of Sir James Hall. The fact 
that by much the gi*eater part of half a century should 
have intervened between the first and second discoveries of 
organic remains in our Grauwackes, — ^for, waiving the claim 
of Mr Laidlaw, whose discovery seems never to have been 
recorded, and can now be associated with neither locality 
nor date, Mr Maclaren's ii decidedly the second,— is a fact 
of itself sufficient to show that our Scotch schools were in 
those days not zealously pabeontological ; and we know 
from other sources, that arguments were sought aftet 'wv^- 
in their precincts, with muo\i more aiV\<^\>Y ^i^^^BS^ ^ons^Sa^' 
Bat £he error bai been aeen, and in ipwVi Q«tt«iVA^\ «eA^^5q%* 
future of SooMi Gteology bida iaix \,o\sft<5aaswiWcviA^'^ 
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tile doing uf more and the uijiag af lem. 

la ihu Bame yen in whicb Mr Maclareii puLlisbBd I 
" Geddgy of Fifd and tUe LuthiaDB," tite ' ' Silurian Sjitci 
of Sir EodBiiok MuroUisou apponced, — ono of tliow gti 
works wMoli furin oraj in the historj of Bcianca, and fri 
wbioh, oa from tlio ohartB of soma diatiDguinliad voyag 
nfter-explonm liaie leainad to eliapctbeiroouTBe aright, a 
to FMOguin as familiar and easily doSn able, bracts priiTiom 
mmamadand uultnown. la both tlia old world and the nc 
tho gnat divisioUB Rnt laid down in tliia work by air £ 
deiick tiavo been dotsctad and iduntilled, and an inti 
dnotory book added to tbo oi^uiii history of onr planut, 
from the rich and varied materiuls whiob tiiey anpply. 
For, howflTer, BBveral years after it« poblication, onr 
Soottiflb Orauwaoka oootiimBd to remain a terra 
niJa, aa baforo ; for tbongb tbara appearud from iimo 
to time trntlifnl deBci'iptioDB of tlia deposit itsalf, its 
place in tbe aoala wbb atill doubtfol. Two yoais after 
(ISil), Mr Jamea Niool,— now Profowor of Goology iu 
Queun's College, Cork, — produced hia Prize £iiany on the 
GBology of Foeblawliire ; and to nu aoourata dcBoription of 
tbs micenilagical oomponoata of the Orauwaoka of that 
oounty, added a new locality for its fossila in Grierston, near 
Tnquair, wbara, in a alnte quarry, tbsi'e oocoia tbin but con- 
tinuouB layers of graptolltes, often io a state oftlieinoat ci- 
quislta keeping. Some of the Qnesl Scuttieh Bpeaimeua of 
thia aneiant organism whioh I liave yet meu t liare duriv^d 
from thisOrierstoQ deposit. We alao BndMr Nicol referring, 
in bis Essay, to tbat limeatone quarry of Wraa Hill, iu 




" Geology of ScotlancL*' And in referring, in a general notice, 
to our Grauwacke depodti, we find him stating, that the 
*' formation " to which they belong " corresponds to some 
of the beds of the Cambrian system, as existing in Wales ;'' 
and that in graptolites disooyeredin the Grauwacke slates 
of Inneileithen, "the first indioations of oiganised fossils ap- 
pear." He adds, that " distinct specimens of these lay be- 
fore him as he wrote, which had been presented to him by 
the discoverer, Mr James Niool." In 1845, Mr Nieol pub- 
lished his Guide to the Geology of Scotland, — ^a work which 
I hare ever since carried about with me in my geologic 
rambles, and which, in every instance in which its author has 
described from his own observations, I have found correct. 
In this useful work, we find him again referring to the 
graptolites of Grierston and the shells of Wrae Hill; 
and, farther, briefly intimating yet another Grauwacke loca- 
lity rich in fossils, though he was evidently in doubt regard- 
ing its true place in the scale. " In a limestone below the coal 
near Girvan," he remarks, ** Silurian fossils are said to oc- 
cur," — a circumstance, not unfrequent," it is added, ** in the 
Mountain Limestone of Scotland." No one, however, is 
now more thoroughly conv^ced than Professor Niool, that 
the Silurian organisms of Girvan are not orgauisms of the 
Carboniferous series ; that, on the contrary, they definitive- 
ly determine the place and age of the deposits in which they 
occur as Lower Silurian; and further, that they throw 
more light on the history of this ancient system, in its de- 
velopment in the southern Highlands, than the fossils of all 
ouv other Scottish localities put together. 

In January 1848, Mr Nicol, at that time Assistant 
Secretary of the London G^logieal Society, read before 
that body a paper on the Silurian rooks of the valley of 
the Tweed, wliich was afterwards published in the Journal 
of the Society. Even at a period so recent he could pre- 
perly state, in his introduction, ''that there is perhaps no 
extensive formation in the British islands of which we pos- 
sess less certain geological knowledge than of the rocks con- 
stituting the great mountain chain which crosses the 
southern counties of Scotland from east to west." His 
paper, however, served to add considerably to the little 
pgsTiwB J y kaiommtpri&o^4im dap/mi, AjnangUieftMUi. 
by whiflhitwMinartrated MrSattarreoagiiliedtlldlhigments 
of five sevoral genera ef triloUieSy and an equal nvmbcr of 
genera of shells, chiefly 1|rabhi|R>ds, all ef a ohamufceE iii.dica<- 
tive of the Lower Biluiuxgcoki^ iOao\xVi\Xi<ftiasaaNAS&!^^«y^-^ ^ 
ieoiioo made fiom the Qtmlw«|^<£ ^^jjatiSMsnia^l^^c^usQ^ 

Lord SeDdrk, tnd wm Ibimd to >>» ot «a. TJ^r^c** ^^^ 



elianeter ; indead, — u appaued Beam the identity t 
loma of the fimili, — of Ihs kge of the Wenlook ihile. I 
tfielSajot tho iiaae year in whioli Profewnr Niral nih- 
mittad hia p&per io Uie public, tha Buhject vii attll fsr- 
thai- ehioidutod in a valimblo momoir by Mr Carriolt 
Moore, BCDi-otaiy to the GeologicBl Sooiaty, " On tho Silurian 
Eootiot Ayr and Wiijtonifliire," which uddadyot fartliar 
our kaowledgoof tjie foBiili of thaaa annisnt loalce anl 
which, in iU piihliibad form, tha firat 8m,tt ah Maclm 
wju figured and described, though aomowhat duubt 
fully, from the imperfeot aialo of licoping f th« 8pa 
cimoD, nnd ondar another nama. At the meat ng of 
tho Britiih Aanooiation, held in this city in 1S50 Prufeuor 
Sedgwick read a papat on tha " Gaologii^l Structura 
and Bolationa of tlio Frontier Chain of Scotland nliioU do 
rived a poouliar Talus from the previous labonia of lltat 
great geologist in tho older Silurian rocka of England, and 
iDwhiehhedividedoniOi'auwackeB, though with muohhoai- 
tatioD, eapecially with respaat to both (he earlier and later 
beJa, into five great dlTiaions, — fourof them belougiog to 
the Lower, and the fifth prohailff, aa he stated, to tUe Upper 
Silurian. In conipariug the Scottish with tho Cumbrian 
chains, lie remarked that tha lowoat and oldest fossils of 
both appear to he graptoliteB ; and in a paper on the grap- 
tohtes of the black achlats of Dumfriuaahire by Mr K. Uark- 
iiesJi, wbicli appeared in the OeologicalJoumal of U 
we find a minnte daacrlption, aceampauied by good 
of tbesa earliaat inhabitant) of wbat is now Scotland, t Ihcy 
are judgad to have been zoophitee, i 




fbr lomo diitoBOtdong ona of tlM middls leaehM of tha Mo- 
ray Friih, and at tha itaap adgea of whieh tlia water daap- 
ana aaddenly from about twalra to about thirty fa- 
tfaoma. The bottom on either lide ia gravelly and hard, 
nlierBaa the rarine ia ehaxged with a dark adhaalTe mud, , 
abounding in fiih-boiiia, and wUoh intimaftea to the lenie of | 
■mall, whan btooght to the aurfiMa, that thara muit hare | 
intered into ita aompoaition no b mJI portion of OKaniiad 
■mjje rs" yM <>^ ,'^ j Ha aa a J My ip»Vii H i' '' abqwida withieapa nft , 
WKh not a specimen can be procured on the hard ground 
on either ride, the fiBherman'i Hnes, when his boat drifts 
across the hollow, become charged with them; — every 
muscle bait brings up attached to it what the fishers of the 
Frith term its *' sea-tree," so that speoimena may be pro- 
cured by the hundred. And from the dark-coloured, finely, 
grained, semi-bituminous character of the slates in which 
the graptolites chiefly occur, it is apparent that they also 
loved a muddy habitat. 

I have now to refer to but two other papers on our Scotch 
Grauwacke. In 1819, Professor Nicol made the Silurian 
deposits of the south-east of Scotland the subject of yet 
another very able memoir, in which he specified seve- 
ral new localities for its fossils, and added to the previous 
list at least one new fossil more, — a hitherto undescribed 
species of Qraptolite. He bestowed much care, too, in as- 
certaining the general direction of the beds and mountain 
ranges of our southern Highlands ; and found it coincident, 
in an average drawn from no fewer than sixty-six several 
observations, with the direction of the continuous band of 
clay slate which, running diagonally from sea to sea, re- 
clines, at a steep angle on the northern side of the great 
Lowland valley of Scotland, against the flanks of the Gram- 
pians. And, — to conclude the purely historical portion of 
my subject, — ^in 1851 Sir Boderick Murchison contributed a 

paper on the " Silurian Rocks of the South of Scot- I 
land," accompanied with descriptions and figures of its 
characteristic fossils (especially those of the Girvan 
deposits) which gives us to know, on certainly the high" 
est authority, that whilst the true place of those ap" 
parently older members of the Lower Silurian system in 
, Scotland, which are represented by what are the first and 
I second of Professor Sedgwick'sfive great divisions, is, as the 
' Professor himself observes, exceedingly doubtful, there can 
be scarce any doubt entertained, that in the deposits of 
Girvan and Kirkcudbright w© po«ae«a VJ^^ wi^Xo^gaa^ «xV 
j-eipreseotativai of the middle and. xcp^x TaKa^>«^ ^"^ 
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iMi of itt Cpper BliitSpu. For muij jwBi we h»To 
bMD ■asartomed to ragu'd oni- Sootnh Grauwukea and 
Omaintd[a«Utei u nrnvkabls for thalr pauoit)' in org&u- 
iima. StTBoderiekteeiiia, onthe cootrsry, toharelieaii struck 
bj (heir fliuidiiics, andtbadiitinctaesavith which tboj' tell 
iheatory and exhibit the choraetflr t>f the deposita which en- 
close them. " Foatdls abound, " Bays thisfiratof geolDgiats, in 
deacribiiig Hnllaeh Hill, in the neighbourhood of Girvon,- 
"and for tho moat part thdr ahella are ea well preserred, 
tbat great irae m^ astonishment when I caat my eye over 
the ani'boea of this rock, and thought of the long time 
which hod olapsed before such unequivooa! and resU; beau- 
tiful Silurian typea had been mode known ia Scol^ 

. land." The penuol of Sir Boderick's paper greatly 
■icited my curiosity. I had TJaited, nearly BBTen yeati 
before, — guided by the dssoriptionaoEhii "Silurian Sy item," 
—tho rich deposits of middle England.^tha Wenlook lime- 
■tunes and ahales of Dudley, and the Tipper Ludlow and 
Armirtry dapoiits of Sedgley and ita neigbbourliood ; and 
I woi now doirous to decipher, under hie guidance, the 
characters of thoee oddsd pagei to tho geologic Qigtory of 
outcountry, from which hii paper Imd led mii to expect so 
ranch. And, availing myself of a pints ia my professional 
labours, towards the close of last May, when the two 
Ojneral Assemblies were sitting, and when all oar abler 
deisy ftfM speaking artioles in the form of apeechea, and 
so rendering it nDuecessBiy that I should write any, 1 
sat out, in the middle of a tract of Terj delightM weatjisr, 
for Girvaa.**" .frr i<Pf' ** /ici' 2^3 »,■"-'■% 
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"SUuiian Syttom" or "Rnak*' of Murohiioii, do I find 
any specieB figured that at all reminda me of thii emphati- 
oally ancient Scottish shell. I may add, that the limestone 
in which it occurs is at once highly ciystalline and strongly 
bituminous. 

t There also appeared in the same number of the Cftclogi- 
cad Jwimal (that for Februaiy 1851), an interesting paper 
by Mr Harkness, ' On the Silurian Books of Dumfries and 
Kirkoudbrightshires," to which I have already incidentally 
referred, in noticing the fuooidal impressions of the Grau- 
wacke. 

«« In 1834, Mr David Milne ivad before the Brilish^A«. 
sooiation, which held that year in Edinburgh, a well-writ- 
ten paper on the geology of Berwickshire ; which received in 
1835, in an extended form, the prize of the Highland So- 
ciety. It contains a graphic and interesting description of 
the Grauwacke rocks of the county of Berwick, to which I 
would have referred in my brief historical sketch, had it 
not been rather of a literary than scientific character. It 
is simply a popular digest of the views and descriptions of 
Sir James Hall ; and reproduces, slightly modified, in the 
form of an illustration, his experiment of the variously, 
coloured cloths ; but presents to the geologist no fact to 
which I could have adverted as a fact unknown before. I 
extract the following passage, both for its general interest, 
and as forming a not imfavourable specimen of the paper 
in which it occurs : — 

** But whilst, generally speaking, .the Grauwacke strata 
of Berwickshire run east and west, and are nearly vertical, 
in some places they fold over one another in eveiy imagin- 
able manner. The bold cliffs between Bummouth and 
Eyemouth, and the still loftier precipices at St Abb's Head, 
present the most interesting and pei-plexing sections of 
these twistings and foldings. They are, generally speaking, 
found most abundant and most fantastic among the strata 
which have a slaty structure. Pile a number of carpets 
over one another horizontally, and then elevate the whole 
mass, by pushing the two opposite sides towards each 
other, — the centrsJ parts will fidl and fold over, and, if cut 
across, would present a multitude of convolutions and 
twistings. This homely illustration not unaptly represents 
the stratification of the Grauwacke rocks at St Abb^ Head, 
at Dodd's Mill, at Eyemouth, and on the Tweed near the 
Flyhridge ; but the comparison fails in one respect, when 
we reflect on the immense weight and small tenacity of 
solid strata of rock, in consequence of which the oontor- 
tions, fractures, and dislocations, become a thousand times 
more frequent and oomplex. 
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"That thess strata oonld 
Bxtreordinary attitoilea »nijp . _. 

hold them, it raquiroi littla rHflBotion to ba oooviucad of. 
For both ejperiBaoD mid reasoning uMiire us, that nil rooks 
which nra stmti9ad. nod of ssdimeDtnry origin, u the 
Omuwnoke rooka undoubtedly sre, havo baou oriaioiJiy in 
regular sLud parallel Injera, at the bottouj of a sa* in which 
they were dopositad. Thu mind, when ouca BstiiSed of this 
fad, nntumlly nad aagoriy ipiinga to the inquiry, /lou 
those prodigiuus and alipBllicg Ehangei have beou brought 
about,— abaoees by whioh strata of jmuicnaurabje thick- 
' * ' ;e horitontiil in the depths ' 









to the baighi of thouaands of fuat above tho level of 
proieat aea, but hara been, aa it nere, driven and dashed 
against ono another, so as to present nothing now hut a 
aceno of inextrlaahle confusiou. It is the huaiuaes of tho 
geologiat to uoderatand and to iutorpret these phenomena, 
forntiDg, as they do, the language in which the operations 
of natuio an) recorded, and out of the apparent confuaiun 
which prevniU, to unravel and raveal to mankind the ago of 
ir planet, and the apoohs that have mnrkad its evijutfal 
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Ihii part of oi 
It is enough at , 

tainod ; for Iheu we bsoome the niofe diaposed to aoarch i 
information in every poaiible quarter, — to concentrate ava 
glimmering of hght that can he diHeerned, and diligently 
■tudy that volume of nature from which ulone we can lea 
wliat are thu aeanta that have been inatnimitntal iu I 
ahinning our gluba into what we now find it.— ai 
fully and beuovolantly a4iusted 
bittotlhe ■ ■ ' 
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ON THE ANCIENT GllAUWACKE ROCKS 
OF SCOTLAND. 

IBt Hugh Miller. 



Head before tlie MoyaZ Physical Society, l^h Nov, 1852. 

PABT SECOND (DESOBIFTiyB.) 

As the traveller passes downward along the rallej of 
the Girvan, the scenery, which had been hitherto of a pleas- 
ing, but purely Lowland character, begins to assume some- 
what bolder features. The hills on either side heighten 
into heath-covered mountain ranges ; and we remember 
that Scotland has its southern, as certainly as its northern 
Highlands. " The mountainous countiy in the south* 
western borders of Scotland," says Sir Walter Scott, in one 
of his novels, " is called Hielnnd, though totally different 
from the much more mountainous and more extensive dis- 
trict of the north, usually accented Highland.** The bot- 
tom of the valley, however, which thfse hills overlook, is 
of a soft and pastoral character, with peiluibps'ttiore of wood 
than is common in a Lowland valley, bat laid out. into rich 
fields that recline along the lower slopes, and occupied by a 
quiet stream,— the Girvan. "Within a few miles of where 
it opens into the sea, we see on its narthein side, high 
over field and meadow, a steep prominent range of gray 
crags, that at once remind us of those pale-tinted mural 
rocks of Silurian Limestone which Ibrm so striking a feature 
in the scenery of Dudley and its neighboui^ood. And they, 
too, like the English precipices^ aro composed of a Silurian 
Limestone, rich in fossihr.' Y«r beneath, however, and in. 
what at first seems an inferior position, we see rising among 
the trees the peculiar groupes of buildings, with their tall 
chimneys and long-aimed engines, that indicate a coal-pro- 
ducing district, and mark on a sloping hill-side, immediately 
over a thick wood, a slim column of smoke ascending out 
of the ground, — where one of the seams beneath has been 
burning for years, — ^like the smoke of some subordinate vol- 
cano. The valley of the Girvan forms a deep and very irre- 
gular basin, composed of Silurian rooks, but occupied for 
several miles by a small though, not unproductire pateh of 
the Coal Measures, which abuts unconformably against the 
older deposits, and lies so low in the system as te be over- 
laid by the Mountain Limestene. 

The explorer, in passing downwards, shouldstrikeolfte tjtie 
north from the public road, at the pleasiuit village.of ^ew >^^ 
Dailly, and rise on the hill-ilde^tfteY cstoixKim,\>EU& id(x«^>vQ.Vv 
pMaiug the Oastle of DiSatihftrxaii. towME^ ^<» .(SAMB-t^i^^ ^ 
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turning fint, liowerer, bf tha way, to vMt 1^ Ai»1-workiaga 
immectiita!; above tlie Coatle, ami (hon a litUa AirtlioF on, to 
BimninB, in n cliancoopeDingBtoongthe Wpes, tfip overijing 
tosdU at the CaiboniferouB Limeatonel He would da well, 
howsrer, if ilnBiroQa to eaonomize time, and make himself 
■are of seeing all in the dlitrict thatis worth; of being eeeu, 
to aecuretheeervicasof Mr Alexander M'Callum.—ths lugD- 
siauafuaaUcullBoterofGirvan, — under whMe guidance ha vrill 
learn mora in a daf than he cuuld parhipaGnd out for him- 
•elf in. a week. Under the intslligent direction of Mr 
M'Callnm, whose nerricBH Sic Roderick Murohison hai 
deemed worthy of ei>ecial aoknewledgnisnt in hU paper, 
I struck np from the coal-worka itsd overlying UmaBtono 
ftnd ahale, in which wcll-kuairn fouik, suoh ag FrodacliiM 
jf^RieiW and Froduciiu Marlmi, may be detected, 
and reached tile Bteep aide of a rocky hill over- 
hung by wood, iu which aeroral qunrrien have beau 
opened, chiefly for the repair of road*. The roolt, a dingy 
oUve-tintedaoudBtoae, which in colour and quality remind- 
ed me of wime of the CaradocBandstonaB, abounds iu fotatle, 
— at one pla«i,whereadeoply-Bhadad and rarely-trodden road 
has been out into it, vhiefly corals, appu'eutly of the ipa- 
cie> Fanotitts fibroma. But though, from their light ooluur, 
couspieuous ou the dailtrock, their state of keeping isuiu- 
aUy bad. In a deserted quarry a little farthar on, I 
found the Silurian furins iu great aboudance,— tiilobitea, 
ortheceratites, crinoidal stems, braohipuda of the andant 
genera orihia and atrypa. a large Moclurea, a bellerophnn, 
oasts of what seom to bo turritolla, a large trocbus, aud co- 
rala of the geauB petraia. and of auother 




dieaaj heath, I found {ha oigsnic remaini of the rook he- 
ooming still more numerooi. Shelli ooeur in hedi and 
layers; and not in the rich limestone hods of Dudlej 
have I seen them lie more thickly. The stone here is of a 
fiimer texture than in the quarry, and, where imweathered, 
of a darker gray; and as the organisms which it encloses yield 
more readily on exposure than the surroimding matrix, they 
exist upon the surface as mere darkened oasts, but in the 
fresh fracture are of a pearly white. And here also trilo- 
hit^ and corals occur among the shells. A little further on, 
the rock assumes yet a different hue ; — ^it abounds in iron, 
which imparts to it in some places a deep red, in others a 
buff-yellow hue, — ^and the fossils, converted into a bright 
yellowochre, present, when broken, an almost golden aspect, 
and are of great, though, from their state of extreme oxidi- 
xation, of short-lived beauty. I have rarely seen anything 
richer in appeaianoe than the bright yellow trilobitM 4Mi a 
deep-red ground which I laid open in one of the higher 
lying quarries of the hill. They reminded me of the trilobites 
in the collection of a certain noble Lord now deceased, 
who became eccentric as he grew old, and, to improve their 
appearance, got them gilded Jtnd, burnished. Sheets' 
of festinella of the 'same bright hue that, when first 
exposed by the hammer, resemble pieces of gold lace, min- 
gled with sprigs of golden coral, and deeply sulcated 
golden petraia, also occur in great abundance ; with bronze- 
looking shells by the million, chiefly of the genera orthus, 
atrypa, and terebratula. So thickly do these lie in some of 
the bods, that they give to the otherwise solid' rock a fissile 
character. One of the most remarkable-looking fossils of 
the group is, however, a laige trilobite>~^an Ulssnus, fur- 
nished with a p^ndal shield as large as that which covers 
its head, and of a decidedly Lower [Silurian type, as are 
almost all the other accompanying organisms, though some 
of them have a wide range in the System, and occur in the 
lower beds of its Upper division. I may mention, that I 
found here, at the height of many hundred feet over the 
sea, the boulder clay, with its characteristic pebbles scored 
and polished, ahd in most cases bearing their striss in the 
line of their longer axes ; — that, in general correspondence 
with the average colour of the rocks of the district, it was 
of a deep gray colour ; — ^and that its boulders were chiefly 
of Silurian rocks, chaiged with the characteristic fossils of 
the Sy^m. 

Quitting the upper part of the hill, with its richly fo«av 
liferous quarries, and striking down'7r«E^a\A^^<^'^«R^ vc^V 
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■outh, I paanod tUrougli a seriea of coni fialJa, and, on 
IBBohing a little etream wliich liowa thraugli a vaUay near- 
ly parallel to that oC tha Girvan, found ibe rock partLaUj 
ejtpoied along it* courae. It confliata hare, not, na in tbe 
llUl abore, of an indnrated ssudatons, bot of a gray 
mbbly shale, mocli broken by tranBieraa dries and frac- 
ttu'oa, and which, though ita relationa t^ the aaadfltono are 
not olearly aean, Baems, aa pramiaed by Sir Kodorick Mur- 
ohiion, to rest over tham. In localitiaa to tha aouth of tha 
Girvan, oa at Ardirell, Piedmont-Glen, and Peawhapol- 
Bum, it ia riob in oTthocaratitea, and containa nameroua bedi 
of Eraptolitw : in thia locality, knownaathe farm of Drum- 
muck, it abounda in triboliteg, Mr Macallum Lad wrought 
out the DipOBed &ont, to which ho iatrodaced me, until 
ftrreated by a licld feQoe, oa which he waa Dot permitted to 
encroBflh. Bat though I could procuro, in conaequencc. 
So apocimens for myself, 1 acquired aereral very in- 
teraating onea from Mr Macallum, which, with raany 
othon, be bad dog out ofthiafiMnt; and 1 cartaiiily at 
one time never eipectad la see a group of theie curious erus- 
taaeana at oace ao ample and ao characteriatic, from the Orau- 
waoke alalai of Scotlaad. Calffnicni Blumeahacliii, the woll- 
kno WD Dudley tiilobite, is the prevailing form of tha daiwuit , 
— a form abundant, oa ita common Eagliab name testihea, in 
the lower dopoiita of the Upper Silurians of England, but 
which in North Walea alio oocuis ia the Lower Siluriana. 
I found saaocistod with this trilobite, in the same fragment 
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mdM I7 the tTpiod Qrapt^itkmi XiKltiua. Anmri^ted 
Tilh thsM, but Tmrelj, ws ■ometimaa find • Uiga dark 
oolonnd lingula. proliabl; ths Liagvia. ntvalM ot ll'Co7, al- 
io * Eildars species ; asd Orbieala cnUM, ■ finely ittlafad 
■hell, bearing ninaliy the sama dark hoa, aa U both orgui- 
iiou hod been ODTsred by an spidennia, whiob had alone 
aurrlTsd when their ihelty sabatonoe bad bean absorbed in 
the rook. The orthoDeratitei of tha deposit aiiat in a peoa- 
Uar state of keeping. Tbej bare been conTaited, with tha 
filling of all theic Bbambaia, into a pure ohoeolata-coloared 
lime; whilst the gray shale in vhich they lie i« so little cal- 
oaieooB as to remain impaasiTe under tha strongest aaids. 
Alany oftbamseeta to have bean broken acnwi ere they 
were oommitted ifl the rock, and exist aa detaahed tbon^ 
Tery entire &aginan^f oonsiatingef from be to ten chain- 
bers apiece. It is stated by Sir Bodericlc UnroUaon, that 
one of the largest of Uw Oirran orthoceratites being of a 
kind unknown to him, he referred it to H. Buraude, 
then on a Tisit to our oountry, who reoognieed it aa a Bo- 
hemian speciee, oconrrii^ in the lower part ot the Upper 
Silurian divUioD. Sir Bodatiek adds, as farther remark- 
able, that on submitting to the Continental geologist some 
uf the shales and nodnles in which these Ayiahiie sheila 
are imbedded, " he deolaied to him that ke might pro- 
dace onr Scottiah rocki as Bohemian ipeoimeni." The 
Bohemian Bpeciei of ortboceratite haa of lata, I maj meo- 
ii.". Iwen foundin IroUud by M'Coy. 

gi^^K'V^ thtinertintiag sUule depoait at I>mm> 
Ijlfioatbeni sido of the little valley 
^'i((ld/'4iuofl down apon the range of 
^wm«)&\pictui'eiiiUo appearance, riaitig 
'' 'u tl>B diatauce of tereral miles, 
—_.,—, _Jjfalloy of the Girvan. The re- 
iApM^i^A/ither the indurated landstonea 
' *" a tha covered ghanwter of th« 
gi'onnd, not distinctly traceable 1 but its fossils baloi 
the Idwei' Silurian group, and it is Identical in strut 
and aTi[)earanee with a limeitone which crops out in sovoral 
lucalitiDS to the south of the Tallay, and whicb, undarlyiug 
the saDdslona, is oridently iho oldest deposit in the dii' 
trict. It is an exceedingly bai-d iub-crystalliDe stone, 
and looks as if an outbont of the trap roeks which 
rise around it, and at oertain pointa send out enormoui 
dikes into ita (ubrtMioo, bad pran it, for the purposes I 
of the palwmlolosiit, rathv tooiivu^ <A 'Co* %»>. ^-i^^^ 




M>, tbongh i( ftbDundi ia foMiLi,— oonli, 'faflAitei, uid 
■hdli,— Umt bis nnlf ■affioimtlj- diitinot MMOgh to be 
idsntifiad. Oooutoaftlly, howsTtr, on tha artlllaaBoaa aui'- 
IJMaiof tha thiok badi of whioh the rook oouiiaU, va flad 
atrUobiteor iAmU ImprsHsd vith olunoten ■nffloieiitlf 
l^bla; and ita more muuTe corala and eacrinBl ttems 
ara, from theit lighter colour, and the tiaoa whicli thej 
Mill Tfltaiu of int«iiisl itructore, uinallr .distingaiBliabla 
auoQgh in the body of the itone. It is a curioue oircum- 
atanoe, that not only ia the group do the fosailB of this reck 
reaemble thofle of the ^ilurUWM of tfjatiftd4 avd tha IJniteil 
SUtea, bnt that some of its orgnoianiB Lot yet found in 
Eoglnad loiiui to be area idootical with thoao of the otlier 
■Ida of the AttauUc. It conUiaa a torobratulik iudiatin- 
giiBhable froui a Canadian apeoiea, imd a Mocluiou JeloT- 
minod by M'Coy \a be the ifuciurea •m/igna. of tha United 
Btatw. This laat inaaiive genua, which reaeinblei (hat of 
£uomphaluB, aave that ita wliorli lie in nearly the aaino 
plane, ia by no ueauB rare in tba limeatonea of the Girvan 
diatriot, but BO much bo in the Siluiiana of the aister kiog- 
dom, that it dooB not appear io Uurobiaon's great vark. 
Bume of our gtkptolit«B aro alao identical, it ia said, with 
American apeciea ; and, on lately eihibiting my Bmall col- 
leotion of ScotD-SiluiiaD foaaila to a geologiat of t!ia 
United States, he told me tliat none of the organianu which 
be had yet aeeQ in the muaeuiDB of our gountry ao leininded 
him, from their general appeorancu, of those of bin uwu. It 
ia Buroly not unintereatiug thus to find the hitherto little 
known Silurian depuaits uf Scotlaod aonnucting its geology, 
by linka not elBewhoro found iii Britain, with the geology of 




I ^Te laid thai the limestone cliflb of thia deposit 
are diigalarly picturesque. At one point we find them 
trawwd by a broad dyke of compact greenstone, which 
baB-.tMOl followed bj the quarrier into the very bowels 
of ilia hill ; and so, for several hundred feet together, 
we ibn wo the yawning rent in the earth's surface which 
it hud 10 lately filled, with its corresponding angles and 
its answeiing protuberances and inflections, existing as 
^ it mnit have existed when first torn asunder by the con- 
Tulfliaii to which it owed its origin, and lere the molten 
matter had oome boiling through it from the abyss. It is a 
wild reoess, tapestriesd by mosses and overhung by brush- 
wood; and from where it opens into the richly fossiliferous 
rock, in which lie entombed by millions the organisms of 
perhaps the earliest creation, the eye glances adown a 
n<lble Ttlley, bosky with green woods, and chequered with 
amiling fields, and marks where it opens to the bix)ad Atlantic , 
a lP usy sea-port town, or rests fax beyond on the dim cloud-like 
Ailsa. When I last stood in its opening, at the dose of a 
long summer^s day delightfully spent, the broad sun, then 
resting on the fiir horizon, was casting its last rod gleam on 
bush, ^id crag, and brown hill-top, and the deep slant 
shadows of evening lay stretched along the bottom of the 
Valley. And then, as the light declined, the moon, in her 
first quarter, began to show her slender form through the 
dappled cloudlets, like a silver scimitar, and I saw her 
brightening image, as I passed, reflected on the stiller pools 
of the Girvan. How widely different must not the scene 
have been when those organisms of the rock lived at the 
bottom of their old Palseozoic ocean, and the light of that 
"un and moon, — ^mayhap the only unchanged objects on 
which the eye rested, — was caught by the many-sided eyes 
of the trilobite, or guided the carnivorous orthoceratite to 
its prey ! Let me indulge for a brief space, ere I conclude, 
in an attempted restoration of the probable scenes and 
events of the period, in what is now Scotland. 

For many ages, a wide ocean, from which the eye fails to 
see any shore, or the sounding-lead to find any bottom, rolls 
over what is now our country. Its profound depths, wrap- 
ped up in darkness, sink beneath the zero line of animal or 
vegetable life ; and the fine gray mud, or light micaceous 
sand, that settles upon its unseen bottom, as the impalpable 
dust that mottles the sunbeam sinks on the floor of some 
deserted hall or old haunted chamber, scarce forms, after I 
the lapse of years, a layer as thick, aa \Aid iiQQ&Xi^ ^3uB^^:&^A\ 






iiolidilad. Gnt- 
xffiition goes ot 
8 of tha Plutonio 
foroBi, vigoroui mlbair early youth,— thare is a eoDoral lis- 
iag of tbe platform. At length the light of day reaches it 
through the lasaeaing ipaoe, in a dim jpoea twili^^t, auil it 
beooiiuaa scene of organieexisteocB. Tait fields of uame- 
Ihi a1g», itiU repreBented amjd tha Tocla b; oar aDthra- 
cits baDds, emhrown for mnny Isagnas the oaeaa bottom ; 
and millioHB of zoophitoe, not higliar In ths acala 
than the modora pannatuladn, which thsy not a little 
resemble, crowd every ei^nare rood of surface. And 
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taking place, — now gi-adnal, anon abrupt, 
death itself serves but to furnish fresh platfunus for new 
life,— at another, through some subsidence in the genoral 
floor, the aero line of vitality is again reached, and over 
periahed myriodg, the dead sluggixh strata settle down. 
At length, when uureekuned centuries — mnyhap hun- 
dreds of centuries — have passed, the midJlo ogos of the 
Lower Silurian period ate ushered in ; and when tlie LI»n- 
deilo flogs and Bala limestones are in the course of deposition 
in what ia now the prinuipality of Wales, the transition 
limestones of Ayrshii'e are also gradually forming— iu no 
small part— BO abundant has life now become iu the 
waters — of massive corals, and of the stony exuviae of 
mollnsca. But to the period of this calca- 




— MMdi fa 'ittooonion, a bJome for fiie living, and a burying 
grouid for the dead. And then yet another change takes 
pUo8« t^ arenaceout deposit ia snooeeded by a deposit 
Qf gray^aigflhuseooB mud > the faiiaa» too, alten, in at leait 
iti aipiMtt and in the proportions borne in it by families 
and gdnera. Though in one certain bed, and for a compa- 
niiT«]ar, short period, a small species of terebratula 
aboandi, thebraohipods generally greatly decrease, — aeon- 
sequence, mayhi^, of the altered nature of the bottom, nov 
oonddfliably softer than before ; but, on the other hand, 
the cephalopoda, represented chiefly by the orthoceratites, 
▼ay much tnorease, and the trilobites attain to their 
numerical maximum. Scales of fishes, somewhat resembling 
the bony plates on the sides of the sturgeon, have been found 
by Hr M'Coy in the Silurians of Ireland, in a deposit at 
least as old as these shales; whereas the system in Scotland 
has hitherto fiedled to yield any trace of the yortebrata. 
But though not yet prepared to demonstrate that fishes 
swam in this comer of the ancient Scoto-Silurian 
ocean over the argillaceous shales, these must have been 
traversed by many a restless mollusc and crustacean, 
— ^the one-chambered bellerophon, and the many-cham- 
bered orthoceratites, — ^by Calymene, Cheirurus, and Pha- 
cops, with their nicely-adjusted armour of many Joints, — 
and by the maiuve, Illeivns^ .wUb ifaLdonble buekler. With 
this upper formation of the Lower Silurian division, de- 
position in the earlier Palseozoic period seemd to have ceas- 
ed in this district. Farther to the south, however, on the 
shores of tlie Solway, the shales, in a somewhat altered 
furm, pass into the lower beds of the Upper Silurian, and 
exhibit some of its characteristic fossils. And with tiiese, - 
the Old Qrauwacke recoi-d, as a record of life and death, 
abruptly closes in Scotland, and a chapter of purely physi- 
cal revolution begins, — a chapter perplexed by passages of 
doubtful meaning, and by maAy different readings, but 
which tells in every page, of widely-extended convulsion and 
upheaval, and of the operations of deeply-seated forces of a 
■powoT incalculably great. 

During the ages of either the Upper Silurian or the in- 
ferior Old Kod Sandstone, - the deposits of the Lower 
Grauwacke division in Scotland seem to have been the 
subject of enormous lateral pressure, which raised their 
strata into many folds and ri^es over wide districts, and, 
as there is reason to believe, elevated them above the sea 
level. Sir Roderick Murchison reckoned va. \.\vft ^<!j^^a5Q«ox-\ 



uid d>Tkna« it a envslops the luid Dpm irhinh the; gnw, 
ve mar be pennitted lo iodolss at IhmI in tba proviBion&l 
belirf, tb&i ita fruaework wu formed of our oonroluted 



UiatitwasaaoiTcledbyaiiOldlledSuidatoiiepOBiui. (vhAbiA ' 

ed hj Bihea of tmcouUi fonn and giJ^MSic Aw#f,Mrttii 

preaented on iteilapmg hill-iudoA ^ f ft ■!■ if ^ 4 w i M »*<Ct< 

TegsUble kiDgdom, now to the^^rw* alfti Tw«t<t^ t <i mwi 

the light of d>r. Who woal4 Mt wi)k toAiww 

ngnding the gaognphj, and the 

■aima], of thii amoieat land of the Tmrmn 

SeotUnd emphatically of the olden Mme iltar ^m** 

a few tattered fragmmti, lU ohrooiolaa Iwn ^nAuAaHA. 

we nan bat du-klj in ii a l ^i, from tlili-ciiu>ti*M<x><lini<> 

tiiat noh aland there onoe wu. 

* I owe a ohancteriitio por 
Upper.Old Ked Senditone of BerwiftJi'.itywQwlbwhMn 
of the dinurerer, Mr J<dui ate w^l^Ab<w nm»i^jTtl>n 
Edinburgh, — a zeaLnu and »nco8ifnl lafc t inr miKi l ea l a 
gis Said. It bearathe red hno of ihart ■ wt jw^nAiWW 
darkmed, and tlia vernation ii not prsKiv*^ Iffrwanm 
ral aatline it reeemblea a fern of the Uort Msanrei, .$)rW- 
■opterti poI)|pA(rfte. 
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THE FOSSILIFEROUS DEPOSITS OF SCXXTLAND. 
BEING AK ABDBESS TO THE JtOYAL PHYSICAL 

SOCIETY, 

Delivsred ok THE 22d Kovembeb 1864, 
BY HUGH MILLER. 

(Firtt Half J 
GfllTFLEinnr, — It is outtomaryfor th« retiring Prtfident, in 
taking leave of the chair, to addreia the memhen on some 
general inbject connected with the objeote which our Society 
hp been initituted to carry out ; and in conforming to the 
practice, I ihall take tfato liberty of itating, as briefly as poi- 
sible, the reaults at which I hare arrired, in recently ar- 
ranging the ipeeimeni of a collection perhapt more adequate- 
ly repreeentatlTe of the Geology of Scotland than any other 
that has yet been made. There are other collections which, 
though more partial in their character, excel it in particular 
departments ; but none which I hare yet leen iweep so com- 
pletely across the entire scale of our Scottish formations; 
and as such of its dirisions as are most defective indicate, nega- 
tively at least, by the blanks on their partially filled shelves, 
the deposits on which we have still to direct our energies, it 
may be well that your attention should be specially called to 
these, as fields in whieh work has still to be done, and in 
which the reward of fresh and interesting discovery awaits 
the patient labourer. I am not sure that we need warm- 
ly congratulate ourselves on the fact, — ^but certainly a fact 
it is, — ^that the geologic section of our Society is ia no great 
danger of exhausting its work at home for a very consider- 
able time to come. We have still much to do in acquainting 
ourselves with the extinct productions of our country in those 
remote pre- Adamite periods of its history, when it existed, 
now as a group of Pleistocene islands, — now as a land covered 
by the Oolitic forests, and washed by seas tenanted by the 
ammonite and the naulitus, — now—ere yet its existing moun- 
tains had arisen from the abyss — as a series of dai'k plains 
and steaming morasses, brown with the rank and dusky vege- 
tation of the Carboniferous period,— now as an extended sea- 
bottom, muddy or arenaceous, swum over by the strange 
ganoids of the Old Bed Sandstone, and with here and there a 
minute island, green with— so fai* as it is yet known— the 
earliest ferns and the oldest trees, — and now as th« Vw^^V^tsw ^\' 
a sea profounder still,— a sea without vid^AA i^oTe.VE^vN^svXA^ 
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bf tlia minata brftoliipodi and noiqne e 

earligr Silnriui igei. That history of ScotlBnd whioh, 
omitting tha humftn period a> too modom, Htrntchu 
vudi from tbs rooant ihalli of the old oout lice t 
oltno* and jUuguhi badi of Qirvui, knd whioh ii itill un- 
written, MTB in tha roiki, will givs onr yoangar memban 
work anongh thoroD|[h]7 to daciphat and tnniariba far ' ^• 
liBpi > qturter of a cantniy to oome. 

On Sitt Httini mTialf, about foDiiaen -joi 
m; DoUaotion a m( of Silniiui fooila, I had to oontant in j- 
■alf with ■peaimraa dariTsd dbiafly from England aad 
Amaiioa. All the OF[aaiainB detaotsd at that (ime JD tha 
graat Sllarian dapoiit of Soobland,— though Sir Jan 
had found (hells in the Wrae Hill iimaatona uaarl j ha 
tnry praTiooi, and Mt Cbarlet MaoUian in tha Silu 
the PenUaoda at leant ax jeari previoua,— would aoarca hara 
half Ulad a atngle ibalf. Nov, howoTer, onr old obitinat* < 
Granwaokaa are Tidding thair onganiinu.—Dam&iea, Oal-' ' 
toway, and Feeblealiira their graptoIitsH, and Girvaa an 
ibi ueigbbouihoad its trilobitea aDd its ahelli. The iborei c 
tba Solwaj near Kirkendbright are fBrninbiug, tboBgh sti 
inadaquatelj, tbeii'fooiLiof tha fJ^ijier Silurian ; and it leemi 
not imprababla that the Girfan locahty ta%j be jet 
famiiUohaniDtariiitiaBpoclnianBofalltbevariouidepoiilaoftho 
Xoiow Silurian, from thoaaempbatioallraunient bads, benaatb 
whiobonlja siDglDorganianihiit yethsan detected, up to tho 
anperiordeposi ta of the Lowordiiision.inwbieh the Dudley Ti 
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matt be held to ponen a peoolUr interest, 
from ihe circometanoe that, though leme of iti uore 
cnrioai foMili have not yet been found in the am- 
ply dereloped and well-Bought SilnrianB of England, they 
occur in those of Bohemia on the one hand, and of Canada 
West and the United States on the other. They thus form in 
the general history of the globe a connecting link between 
deposits considerably more than four thousand miles apart. 
I may add that, during the last few years, I hare been able 
to place in my little museum, beside its Silurian fossils of 
America and England, a not less ample collection of the Si- 
lurian fossils of our own country, which, though still inade- 
quate, contains sereral rare organisms, with which, so far as 
is yet known, the English deposits could not hare supplied 
me. Still, however, much remains to be done in this curi- 
ous field. I was shown only a few weeks ago, by a gentle- 
man from the neighbourhood of Lesmahagow, specimens of 
a fossil crustacean, derived, he said, from the Grauwacke 
of that neighbourhood, which, so far as I could judge from 
their state of keeping, are new to Scotland, and which rery 
considerably resemble that Hjrmenooaris of North Wales, 
which Sir Eoderiok describes in his Siluria as a true pri- 
mordial fossil. And where the crustacean occurs it is more 
than probable that other organisms will yet be found. 

The Lower Old Red Sandstone of Scotland has been mors 
thoroughly wrought out than perhaps any of the other for- 
mations of the country, and it occupies, in consequence, a 
larger space in my oolleotion. I hare not yet found fossils in 
the Great Conglomerate, which forms its base ; nor perhaps 
could organisms, sare of the most robust structure, be ex- 
pected in a rook formed of great water-rolled pebbles, which, 
ere they could have assumed their present rounded forms, must 
have been tossed by the storms of ages. In the pebbles 
themselves, however, we have eurious glimpses ttflforded 
ns of the old metamorphlo rooks of Scotland, whieb 
were, we find, considerably different in the group from the 
rooks of similar origin which in the present age of the world 
compose our great Highland nucleus. The schistose gneisses, 
now theprevailingmetamorphic rooks of the kingdom, — for 
they oeoupynearly ten thousand squaremilesof its area, — were 
then but feebly developed, compared with its many-coloured 
porphyries, its granites, and its quartz rocks. In the Forfar- 
shire Conglomerate, the prevailing rocks are hard porphyries, 
of an infinite variety of hue, and indistin|^;uabab\A Sxl "Osnkvx' 
composition from the porphyriet of Ben 'SwvVk vci^^^«^^&»^ 
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in tha CoDgtomerate arCromatty And Bona, a dBH7iDgKninit«, 
redliksbhut of Peterliead, but u Gnaly gniiiKl u tlut of Abei' 
dMD, blent witli red qautirock and rod gnnitio goaio, ii 
the pTeTuliDg itDne ; in that of Oikney, u eihibit«d iu 
tUe neighbourhood of StromLeeg, the prerailiDi rock ia also 
B red granite aomavtiBt larger in its grain, and more dur- 
iible, tlian the Crumnrty one. The itune wliich compotei 
maar of thais eacloMd peUblea <ian no longer be fnund in 
tilu; and a good i-aprsMntstire collection of it leait the 
rlaoH of roeka which tbej ezemplif]' would aerve to ihoir 
the natora of ths framework of that anoient uuknoWD 
land to wliota eiiatence tha Great Conglomerate bean 
«Tidenc«, and which, aa aver many tbouaand arjuare idiIh 
the pebblea preaent ilie vara and Tolled character, muit 
have been expoard, cone afUit lone, dnring a protracted pe- 
riod of gradual depreaaion, to the inceBaanlwsatnf the ocean. 
The Conglomarata aeema to hara been e.ipoied tn ao after 
period to interne heat. We find many of its hiudeat pobblea 
h«nt and indented, aa if they had twoa reduced to the conaii- 
tency of dough, or dietorted by miniataro fanlti, which acoi'ed 
their linei of fracturs with the ovfliaary alicken-aided mark- 
ingi, when they were in a atate visoid enough to re-nuite. 
The fact would bave been deemed a viyry great one dnriDg the 
heat of the eontroTeray waged in this city between the antagc 
nUtaehoola of Button and Werner; hut it i a not leas inti 
reaiing now, when it oan be looked at more quietly ; aod a 
I hare giTen to a aeriei of the pebblea which iilui 
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leui on* unique speoimen, » true wood of the araucarum 
funilj,— the oldest which hai yet preiented iti itmoture to 
thexniorosoope. In some loc&litieB, — luoh ag Cromarty, 
Thuiio, and perha|>B Moray, — the rariona idithyio speoies of 
the formation seem to have haen pretty nemrly ascertained 
and'odneefed': for seveAl ydftnTTlATe not in uo e wlwl In dit- 
intening from the leveral Cromarty depotits a single new 
speeies ; and my friend Mr Dick, though permanently resi- 
dent on the spot, has had a similar experience at Thurso. 
Speoies of the rarer kinds may, however, long elude very 
assiduous search, and yet turn up at last ; and, in the 
ooune of the present twelvemonth, I hare received 
from a tract of shore near Cromarty, which I hare walked 
over many hundred times, an ichthyid species, — the Dipla- 
canthua crauispiiMUf — of which my collection had possessed 
no previous specimen. I owe it to the kindness of Miss Ca- 
therine Allardyce, — a lady who, to a minute knowledge of not 
a few other branches of natural science, adds an intimate ac- 
quaintance with the fossils of our northern formations, and 
whose skill in zoophytology the late lamented DrLandsborough 
has acknowledged in his interesting History of British Zoo- 
phytes. Further, it is worthy of remark that, just as the na- 
turalist cannot now acquaint himself with all the animals or 
plants of Scotland in any single locality, so all the fossil spe- 
cies of any one formation cannot be exhausted in any one li- 
mited field or district, but must be sought fur in various dis- 
tricts ere the list can be regarded as tolerably complete. 
The old Devonian species of fishes, liko those of the present 
day, had their favourite haunts, and feeding or spawning 
gi'ounds, and must now be sought for where they congre- 
gated of old. The DiplctcarUhus striafuSt for instance, 
is one of the commonest of the Cromarty Old Bed fishes, 
and the Dipterus and Asterolepis very rare ; whereas at 
Thurso, Mr Dick, after years of exploration, never found a 
single spine of Diplctcanthus, but not a few noble specimens 
of Atteroltpis, and finely-preserved skulls and jaws of Dip- 
tertu. And in a neighbouring locality, Banniskirk, Di/pterm 
is the prevailing fish, and may be found by scores. Again, 
the Old Bed of Caithness generally is poor in specimens of 
Ptericlithys, — the rocks of Thurso have not yet furnished a 
single specimen ; whereas in those of Moray the genus is not 
rare; and in a quarry a few miles to the north-east of 
Stromness it is more abundant than any of its contempora- 
ries. I mention these facts to show how necessary it^^ia 
to the Palsontol(^t who sets himfteVt \a «'x\i's^3A\. VX^^ q»v^^\\' 
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famtof sfDnnfttEon within arsniriDglseoitntr^.ihfttheBlionlil 
•itbtt b* a udaloua tnTeller, or hmra & widalj-looated siruls 
of triaodi (ajpiged with bim m fellov-Ubouieri in tha work. 
No iohUiTic apeoiei of thie Lower fanaktion of ths Old 
Bed Budilons liu ^et been dstesiAd in Scotluid to tha loath 
of Iha GnuBpiana. In the great belt of Old Bad which tr»- 
Tensa the iiland diaeonall]', from theoouteof EJnokrdiseuid 
Forfuiliin on tbe east, to thoae of Keatrew and Ayr OD tha 
mat, the fMola— nalnoted Ttrj Mniih to tha gnj auiditoDU 
of the dopoait— 4ro of an antira] j diffarant group. Haio, at in 
tha itamatualj daTaloped Comatouea of EnglaDd, tha praTail- 
in; and moat ehanuiteriBtiD o^wam ii tbe Cephalaipii, which 
hai now bean tmati in Forfar and Kineardin* ihirea b; Sir 
CbarUa lorell, Ht Wabitar, and olhan ; in Stirlingdiira by 
odT inj^iDiana brother member Mr Alexander BrjioD ; and 
in Ayr bj theUte Dr Browo of Longfine,— all, lioweTer, in Ibp | 
■ame p*? '">di ol' micacenUB iBnilatoae repreuntcJ hj 
ta known an tho Arbraatb paTement, which, like ths re 
porita that lis over and under them, run from aide to ■< 
the kingdom. Whila the fouila o! the Lowet Old Kad 8aud- 
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termiiM v]ieth«r in Scotland, as in England, ve have more 
than one species of this singular genus. Dr Fleming found 
in this Middle Old Bed formation an apparent fern, with 
kidney-shaped leaflets ; and it yielded several yean ago, near 
Clookbriggi, in Forfarshire, a large specimen ofZt^ndodendron, 
which exhibits the internal structure. I owe a fragment of 
this fossil to an intelligent geologist, Mr William Miller, 
banker, Dundee ; but so imperfect is its state of preserration, 
that, though it presents to the microscope the large irregu- 
larly-polygonal cells of its genus, it bean none of the nicer 
specific marks which might serve to distinguish it from the 
several greatly more modem species which occur in the Coal 
Measures. 

Above this Middle formation lies the Upper Old Bed Sand- 
stone, with its peculiar group of organisms, chiefly fishes. 
And of it, too, much remains to be known. Save that it has 
not yet pnidueed a CoccosUtu, — a genus which seems restricted 
to the oldest ichthsrio group of the system, — its fishes more re- 
semble those of the Lower than of the Middle Old Bed. It 
has its three species of Pter%cMhyt,—iii Diploptenu,— And 
apparently its DipUnu ; and its Celacanths, chiefly of the 
Holoptychian genus, represent not inadequately the Celacanths 
of the gen.et% AtAer&Ufpk and Olyptolepis, which occur chiefly, 
though not exclusively, in the Lower formation. The two for- 
mations seem, however, to have no tpeciea in common. In look- 
ing over the fine collection of Mr Patrick Duff, derived chiefly 
from the Scat Craig, in the neighbourhood of Elgin, I found 
only a single ill-preserved gill cover,— seemingly that of a 
DipteruSf — ^which I could not at once determine to be specifi- 
cally different from aught produced hj the inferior deposit. 
- Rocks of this Upper formation have not yet been detected in 
Scotland to the north of the Moray Frith ; and its richest 
British deposits are to be found in Moitoy, IPerthshire, Fife, 
Berwickshire, and Ayr. In the collection of fishes from 
Dura Den, exhibited four yeai*s ago before the British Asso- 
ciation; then assembled at Edinbuigh, I saw several Cels- 
canths that have not yet been described ; and a good 
deal has still to be done in fixing and restricting 
some of the genera of the formation already named 
and figured. It will be found, for instance, that 
Agassiz's genus Placot1wa>x, and bis two species, Coccosteus 
maxinms and Pterichthya major, will ultimately all resolve 
themselves into the latter species alone, — JPterichthyi major ; 
—of which, by the way, vast numbers ha^^e t«c«oSX^ \^«kiv 
found, though in a broken state, in ihQT3p^T 0\\'Bai^^«xA.- 



toiiei)ftha"EsBdiuf Afr." We m»y of aonrw Bxpeot, how- 
•TOT, to M* mois ipMiM woi ganan sddad to the group 
tbBD ■ahtnotsd from it. I muih mentioD, era coDPloding 
Ihif pttt of my mbjeot, ■ cnrioni fut conntcEad irith the 
FlanofthsformatiaD. WbaaTiutingUitipriiigthBMiueniii 
of EcaaoDiia Geology in JemiTD Stnat, andar tli« friandtj 
(uiduioa of the Uta Piofauor Edmu'd Forbei, ha polDladont 
to ma sD iutarutiag groap of plaoti, in « fina itatc of keap- 
ing, irhioh bkd hMS derivad from the Old Bad Smiditoue of 
Ireland. Tlie genera uemad idantieol with tboM of the Coal 
UeMurei, but all the ipeciai ware diffareat. Imarkad, atnong 
the othan, an al^uit CTolopterai,— (^fopfrrue HUiemicai, 
— of irhiob Sir fioderiok Marnhiion flgarea a liaglt pinna in 
hia Taoantlj- pabllihad " Silnria." The Frofeuor alio intro- 
dnoed me to the onl; iohthyis organiint that had been 
fonnd in the Iriah dapodt, Tilh the planti, a ganoidal fith, 
apparently a CeUoanth, and very maeh of the tjpe of 
than of the Upper formation, though I failed to identify the 
■pecia* witli any of Uioie already kuuwo. PiofoBior Forhes. 
Iq return, vinitedmy collootion here only nfew week>ogo;nDd 
in a fern of tbiiUppei' depoiit,laid open by naringnDieus inem- 
hcT, Mr John Stewart, in PreBtonhaugh quarry near Diinse, he 
reooguised hia Iriih CyalDpterm. At Mr Stewart fonnd t)ie 
Seotoh ipecimRn aMOoiated witli platw of PlerUklhyi major 
and aealea of llotoptschiiis jVobifutiiniK,— twoof tbouost oha- 
raotertatia iobtbyoliteeof tlie Upper fotmetion,'- there can be 
nohaiitotionio Biiigningto it its plaoe in the icale; and, 
~ ar Old Red fi 




indeed, he had traced a conriderable rwemblanoe between 
the lealee of Stctgonolepit and thoee of a ganoid of Dura Den, 
— the Qlyptopomus, They bear, howeyer, a much cloaer re- 
■emUance to the ecales of the Mpttriotaurtu MuxfuUri^ a rep- 
tile of the Liai of Mnnieh, of vhioh I exhibited a good print 
to thia Sooiely about thraeyeare a^Oy tha nee of whidi I owed 
to the Idndneei of Sir Gharlei Lyell. When vititing a quarry 
in thii northern deposit aeTeral yean lince, I was informed hj 
the workmen that they frequently came npon foot-tracki like 
thoee found by Captain Briokendon. The only other remains 
of the depoeit it that of the reptile TderpeUm ; and when 
we take into account the fact that io this northern locality 
outliers of the Lias and Oolite are not unfrequently found 
resting conformably on the Old Bed Sandstone, and that the 
Terfcebrate organisms of these deposits are preponderatiogly 
reptilian, it seems at least as probable that it belongs to that 
Secondary period of the world's history during which rep- 
tiles were abundant, as to that middle Palsezoic period dur- 
ing which, though fishes were largely developed, reptiles were 
exceedingly rare. But the final determination of the point 
most be regarded as awaiting tbe researches of the future. 

The Carboniferous deposits in Scotland have, from their 
economic importance, been longer wrought than those of any 
of its other systems, and yet all their fossils, animal and y^%'^- 
table, are still far from being adequately known. During 
the last few years I have found the remains of both plants 
and animals in Carboniferous deposits, not many miles re- 
moved from our Scottish capital, that have still to be figured 
and named ; and much remains to be done in the work of re- 
storing from suites of specimens, organisms of the system,- 
both vegetable and animal, already known in part. It is only 
within the last two or three years that trace of reptiles has 
been detected in our Scotch Coal Measures. The Prahairor 
chu8 coUi of Owen has been found in the coal-field near Car- 
luke ; and the footprints of a much larger reptile detected in 
our Dalkeith coal-field by Mr Henry Cadell, the experienced 
and intelligent mineral surveyor of his Grace the Duke of 
Baccleuch. I refer to these interesting facts to indicate the di- 
rection in which there is encouragement to press our researches. 
We have hitherto had little experience in Scotland of that style 
of exhaustive research of which the Palseontographical Society 
of England is presenting us with so admirable an example. 
Curiously enough, however, old David XJre, one of our earliest 
collectors of the Carboniferous fossils, gave, in his NswioLT^ 
History of Butherglen, published mora t^iaii aVxVj ^«a2c% v^^ 
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ai izHupl* at tUi szhuutiT* ityla, pcrbkpa m eomplsta m 
vu poMibl* kt the time. He esemi to haT* fifnnd, and, mfter 
k K>rt, d«Mrib«d, everj fooil of both tbaCoal uid UieKouDtUli 
LlmMtoTiB, •rhiohbeiaeosededindiimterriDgdnringwIiat — in 
Ml ege in whish there vera fav to ■ jmpathiia in hii laboun — 
moet have bean a Tory wdnloQi oanna of raaearoh. The maf- 
niSeent notioDi of onr neighbonrhood p^e paoaliBr facllitiN 
in aKpIoriag the Coal Maunni and thair oontenbi,— facilitiai 
whioh geologiita who hara reaidad for a leuon amid tha loil- 
Dovarad flati nf nantral England iroald wall kaoir how to ap- 
preoiate. There arafaw finariaotiona of the Coal depoiitaanr- 
where in Britain than thoaa laid open along the afaoreaof 
Oranton, Hnnslbnigh, and Preatoopani ; and tha leation of 
tha Moantain LimHtooa eipoaed in tha raiins at Drjdea ia, 
aofaiBiI hara jtt aaan, tha in«t aitanuTe ia Bootland. 
Bf tboae who hold, a> la dons bf aoma of tha gaologiiti of onr 
waitani oapltal, that thii formation ii wanting ai a bais to 
tha Soottiih Coal-field, a viait to thli aaotion might ba found 
Tery imlTaotiTa. It doei not aibibit that great tbiekDan of 
limeatone for whioh the oorreiponding formation in England 
ii 10 remarhabla, but preaanta, for aeTeral hundred feat to- 
gether, in it( aucrinal banda, intoroalatad amid ahalea and 
wnditana, enduu* oE >. aadna. ongin ; .aad,ita nppar cal- 
oarMnia hada, laden with ipitifari and produota, and of rar; , 
oonatdarabla thiokneM, ahow that a tolerably pretiinnd aaa 
uuat have oorered the field ibottly are the farmation of onr . 
older lieda of workable ooal. ' 
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THE JfOSaiLIFEROUS DEPOSITS OF SCOTLAND. 
BVINd l|t ADDRESS TO THE BOYAL PHYSICAL 

SOCflBTY, 
l^tlVBRED ON THE 22d KOVSMBIE 1854, 
..: "■ -•■"* BY HUGH MILLER. 

(Second Half,} 
My oollaotion oontaini no gpeoimens of the Kew Bed Sand- 
stone of Sootlandy — the loene of those digcoTeries of the late 
Dr Donean of ButhweU, from which that division of geo- 
logio science known sa Ichnologj took its rise. Nor are 
at least uU of its specimens to be found in any of the Scotch 
maseums I hare yet seen ; hut as Sir William Jardine is 
understood to be still engaged in figuring and deseribing its 
various footprints. — the only traces of former existence which 
it has been found to contain, — we '^id fair to be acquainted, 
at no distant- date, with all that it produces. It could be 
wished, ho^ . ver, that we had the result of Sir William's 
labours conveyed to us in that cheap, but yet adequate, form 
of outline engraving, in which Professor Hitchcock has figured 
the foot-tracks reptilian, or omithologie of the New Bed 
Sandstones of Connecticut. 

In the Lias and Oolite of Scotland a good deal still re- 
mains to be accomplished. Some of their richest deposits 
lie scattered among the inner Hebrides, and along lochs 
and creeks of the Western Highlands, rarely visited by 
the tourist, and far from inns ; and this difficulty of access 
has served to lock up in these solitudes many a curious fos- 
sil, that may be regarded as held in safe keeping, to reward 
the enterprise of our younger geologists. My collection con- 
tains not a few curious specimens derived from these Hebridean 
recesses daring a desultory voyage in the Free Church yacht 
Betsie, made about ten years ago, — reptilian remains, fossil 
wood," and the teeth of placoidal fishes from the Oolite of 
Eigg, and pinn», ammonites, and massive corals from the 
Lias of Pabba and Skye. It may serve to show that we are 
no move to argue an entire identity of the Oolitic deposits of 
Scotland with those of England, than of its Silurian with the 
Silurians of that country, — that corals, which are of exceed- 
ing rarity and minute size in the English Lias, form entire 
beds of great extent and several feet in thickness in the y 
Lias of Skye. I can, however, only iiid\Qtt\.« VXi'^ locoXc, ^"^X 
some of the deposits in wliibh these -K«n.V.\fi% xga.-^ >^ ^o^ov^ A. 



— rimply lefBrring, in the pMiiog, to ths lcw»liile# alrflady in- 
dioated b; Sir Roderick Murchiwa in his earlier pepen, — lush 
M tlie Oalitei in the aeigbbonrliood of Portree, the Oolitic beds 
oE Bui, and the Liuic >tr»U of Applectoes; aa alio to the curi- 
ooi fmh- water or ntuarydepoiut of LochStiSa desoribsd in 
the Otoloffical JaanHfl f«r 1851, hy the late Frofcinor Ednsrd 
Forbn, There is a [latoh of Liu on the ■hoieaof Luch Alino, 
■loeediDgly riohimomeofthecharaateriitic orginisma of the 
fornuttioQ, whiob I voald fain have eiajnioed, but wanted 
apportunitf. From depogita putiaJly oTerflawn by the Trap 
of Mall, and vhioh crap out aloug the easteru nhorea uf that 
iiland, I hare exhamed apeeimaiia that bear in llie group an 
Oolitio aspect ; and id spending a few bonTu in the island of 
Pabba, when the yaoht, my home fur the time, was cruising 
in the offing, I fonndin it sachpromiaaofarich Coaiil harvest, 
that w^en a young friend, — Mr Archibald Geikle,— requested 
]ne laat year to point out to him aome one or two oeutroa 
from which I thought be miBht'boit acquaint himself with 
our Soottiah Lias ot the wsstera coaat, I venture 
recommend the latter island, and the aouthern portii 
the neigbbouring Bay of Broadford, Be tvo of the 
pTomiaing. Mr Geikia,— in whom our Soaiety m: 
trnat, racoguiae n future member, — found his ^sa 
Pabba, — Introduced himself to the sole family rsBidai 
the ialand, — slept, S beliere, in a baru,— lived on potatoe 
milk, — and brought away with bim aa interesting an 
fosails. And aftei' this manner must tlie Hebridaa 
the Western Highlands be explored. The Oolitio 
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to determine the point, withthftt of thePem* beddeaoribed by 
the Iftte Mr Bobertson of Woodride m flanking the Brora seam. 
Above the ooal there oocuri a rubbly ttratum, alio like one 
at Brora, charged with vast namberi of the Belemnite sul- 
coUus; and in an npper stratum I found a well-marked speci- 
men of Ammonites perarmatus; likewise a species of the Broi-a 
coal-field. In short, I am disposed to hold, — both from the 
identity of many of its fossils, and its general appearance, — 
that this supposed Liasio deposit is in reality an Oolitic one, 
and that its coal oocupiee a horizon not much removed 
from that of the coal at Brora. . I may here mention, that 
the Liat of Eathie was the scene only two yean ago of a dis- 
astrous ooal-boringspeculation, on which much good money was 
expended. The unlucky speculator, — an industrious and re- 
spectable man, whom I would fain have diuuaded from an 
undertaking so hopeless, but who, as he had no faith in geo- 
logy, simply thanked me for my advice, and wrought on,— 
dug a wide pit in the Liasio shales, to the depth of more than a 
hundred feet, and found in abundance ammonites and belem- 
nites, with a few well-preserved vertebral joints of Ichthy- 
osaurus, and uiifortunately here and there fragments of cone- 
bearing trees, with their trunks converted into jet, but of 
course no coal. The hole was made large and deep enough to 
prove the sepulchre of several hundred pounds ; but I 
console myself by reflecting that the inevitable expense of 
the excavating operations was incurred in defiance of all that 
I oould say ; and I would now urge on my friends the Anti- 
geologists, that they should much rather attempt making 
shillings by lecturing against the scienoe, than run the risk 
of losing the shillings already made by becoming miners in 
its despite. 

The Oolite of Sutherland, — famous for containing the only 
seam of coal in this formation, at least in Britain, which oould 
have been wrought for years without much positive loss, — was 
elaborately described many years ago by Sir Boderick Mur- 
chison, in a memoir that gave rich earnest of his after con- 
tributions to geologic science. It is impossible, however, to 
exhaust a great formation otherwise than slowly ; and not a 
few fossils have been added of late years to the list appended 
to Sir Boderick's memoir. It is from the vegetable organisms 
of this deposit that we can now foim our most adequate con- 
ceptions of the Oolitio Flora of Scotland. As in England and 
America, it had ite numerous cycadace», — its ferns of simple 
undivided frond, different in their venation, W^ t«aRsc^(^w^ 
in their forms the hart'a-tonguo ^«n.\» V^qk^^^'k^^'^ 
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w tiiQjiies, it§ piacE ; bad, iLongli iiay occaplec] a 
■raica sppnciiible ipniis in Ihe group, its dicotjiodoDODB 
plsata. WhsD, aftgt gluBClDg d(ic loms of tt* TagaUble pio- 
dDctiooi of tbe tjiteii], lucli i> iti oycidaceit:, nuw rastricled 
to tha wsrmev clim&tM, or ot«i iti muiiT* oortl), wbith attiiiD- 
•dtn a lize leldom n vailed in tlia preunl lUte of tbiogB, ■■,*■ 
in Ibe intertropisil ■«>, I huie than examinad loms of iL« 
WDodi aitsrnallj gmrted, and stuDtod, and marliad inUniHl- 
I7 hj miiiuta aDnual riii|i, ai imall ai tbosa of a Scotob flt'ni 
NorvagiaD piae ihat had growa oniomaaipoiadhill-iido,— it 

iBnoR- Saotland iDUit bare bad tbeii loft; moUDtaiu rangsa, 

wbicb, wbils ■ geaial climata prerailad at tbeir bam, roia, ma j- 

hap, toueailjr tbe xDow liaa, aodburcoB their bleak lidgaitbe 

■luntedBlow-grawiDg ttut. Ths framawork of thii aocioot 

land waa Dompowct— ai wo leam from iti suDglgmenitsB, and 

in loms inslaniiM from the fraimeuta of roeic (till looked fait 

amid Uio roota of ita trsei— ef Old B«d fiaiatoaei, id^^nti- 

cal with thoie of Caitlmeu, and afideutly buringattbetima 

marki of au high aii autiquity at tbi; do uaw. Mauji of tbaH 

flagBtone niuiai, aoralj water-rolled, ocourin an Oolitic paate; 

and we Sad in itranga noighbourhooda abolla of the Oolite 

aooloud in the pasta, and fiihes of tbe Old Red in tbspebblei 

■whiob it euifllopei. I bate found a pobble which bore iosida 

Old Had OileohjiU encraited with an Oolitic TAamna- 

i : and another pebble occQpied bjrsa Old Red fucoid that 

■ parLiall; parforatadby aa OoliUc lithodomua ahoU. It i> 

el; Dot uniatersatiag thui to catcU. an it wera. glimpBei. 

o»gh the high anliqait; of a Sacondar; age, of a, Paiaiozoio 
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A a new ipeoies of Mybodus, the teeth of an Aerodiu and 
Sphinonehue, the goale«» and, at least in one initance, an 
•ntire tpeeimen, of a Lepidotus, which Agassiz hae identified 
m tSie Lepidolus minor of the English Weald, bones and 
teeth of Plesiomwua, a well-marked ohelonian femur ; shells, 
both macine and fresh water, such as Unio Planorbia 
Palitdina, what seem to be an Astarte and a small Oyster; 
and whole strata formed of a minute Cyprus, There are ap- 
pearances connected with the Linksfield deposit that date 
from a comparatively recent period, which are at least as ex- 
traordinary as aught that the beds themselves contain. 
They form there a small hill, about from forty to fifty feet in 
height, and several hundred feet in extent either way; 
while beneath lies a thick deposit of the Old Bed corn- 
stones, wrought in this locality for lime. Interposed, how- 
ever, between this hill of the Weald and the calcareous 
comstones, there is a bed of the ordinary boulder clay of 
the district, charged not only with fragments of the rock 
on which it lies, but also of the well-marked Wealden 
strata which overlie it ; and, more curious still, the comstone 
bears on its surface, so far as the quarriers have yet pene- 
trated, the ordinary glacial markings characteristic of the 
boulder day. It would seem as if during the glacial period 
this hill had been so shifted or raised from its founda- 
tions, that the agent, whatever its nature, which during the 
icebergal period dressed and grooved the rock surfaces of the 
country^ was enabled to dress and gi'oove the comstone on 
which it now rests. The appearances, suggestive of the 
operations of some incalculably enormous force, are suited 
to remind one of that sublime simile employed by Milton, in 
describing the effect of the stroke under which the rebel angel 
fell:- 

** As if on earth 
Winds underground, or waters forcing way 
Sidelong, had pushed a mountain from his seat. 
Half sunk with all its pines." 
With these detached outliers we take leave in Scotland of the 
Secondary formations, in their character as original deposits, 
whose strata still occur in the order in which they were first 
laid down. We find, however, in Banff and Aberdeenshires, 
and more partially in Caithness, remains of the Cretaceous sys- 
tem, occurring in some localities in the character of re-forma- 
tions. A deposit at Moreseat, near Cruden, elaborately described 
by Mr William Ferguson, late of Glasgow, seems to be almost 
exclusively a re-formation of the Qceenta\id *, Mi^ ot^^^'^^X 
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at Ihidviak, ueir EUon, tbere ara vmC Moumalfttiuniof flints, 
inirhichtbaRev.MrL(iiigmuiiofAberduea,<rliahucargfnIl7 
•xplored iha tocklity, detaoted duo j of tUe DbaracteriitioCr*- 
taceoa* fouila faruitbeil by tha challi oF EnKland. I bave 
•umioad beds of gravel a fow miloi to iho Bauth of Fater- 

Bob JDcoDdidirahla one, of tbe^s ohalk fliiite> but I bars 
bssB iafommd by our ingeuiuus coiTHpoiidiiig mambor, Mr 
Psuh, with whom 1 saw BeverHl of tha CraticaouB orEnuiema 
oltlie locality, that had I atit rayeelfto exiiiJiiii9iua<liB>)raut 
dirsotioQ, mora to tbs uortti aud west, I would L«Ta found 
thisk gravel bods, compuBed of chalk fliuiB almost axcluBivaly. 
7be bait collsctioai yet mada of the organi&ma of thii deund- 
ad lyttam. of which only the broken fraj;meDts Borvivs, ars 
Sum of Mr LDDgmnir, represantDtive of the Scattial) Chalk, 
'■&dorMrFargnioa,rDprBBenta(iTe of tha Scottish GrGeDBBiid. 
^tb aTeinaileiiQatclynprewiitsdiiiiiiyculiectigDiiuid ii'taat 
lb poBsassBS I owe chieQy to tbu kindneaB of Mi X/ongoiuir, 
and to thut of Ur Dick, the original diacorsrer of tbs Chalk 
iu CaithneBB, where it occara, bowaTer, merely in datachad 
fragmsuta In the boulder alay. Much nesd not ha expscted 
fromtbooisaniaismainiof a depetit aabi-okanaDd acatlered. 
I baTo aesn in iU Blnti, however, Slier and moFB dalicabelj 
pi'eieiTBd Bpecimsiia of a Flustra, that not a littla leienibloi 
our eiiitLng Flvxlva foUacett, than any I have jst BQCoaedBd 
ID detecting iu thoBS of England ; and the group, however 
frajmontiiry and incomplete, mnat bo regards 
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a comparatively late period, Scotland had its great outbuntB 
of Trap. A thicl£ bed of rudely eolmnnar baaalt overlies the 
most modem of these beds ; and deposits of Trap Tuff, in 
which his Grace detected rolled chalk flints, orerlie the older 
ones : thus showing, that longafter the times of the Chalk, and 
when trees allied to the yew, the plane, and the buckthorn, 
grew in our forests, those deluges of molten matter from the 
abyss which had obtained throughout the earlier geologic 
ages had not yet ceased, but were, on the contrary, potent 
enough to overspread wide areas to the depth of from twenty 
to forty feet. .From these times of fire we at once pass^ in 
this northern part of the island, to a period of ico,— to the 
ages represented by grooved and polished surfaces, travelled 
rocks, boreal shells, and the boulder clay. Though, geologi- 
cally, the period was one, it yields, I am disposed to think, 
evidence of three distinct successive stages. 

The boreal shells of Banffshire (which occur at Gamrie in a 
finely stratified sand, two hundred and thirty feet over the 
sea, and at Castleton King-Edward in a similar de- 
posit of very considerable elevation, and at least six miles 
inland), lie deep— though exposed laterally in sections— in the 
Pleistooene deposit. At Castleton I found the shells within 
a few feet of the underlying Grauwacke rock, and an immense 
deposit of beds of sand and clay, and over all a thick bed of 
partially consolidated ferruginous gravel lying above them. At 
Gamrie, though, from the great slope of the ground^ the fact 
is less certain, they also seem to lie low ; and further, both 
from their littoral aspect, and the circumstance that we find 
no trace of a littoral terrace where they occur, I cannot avoid 
: the conclusion that they mai'k the line where a fikore of the 
country existed for a time, when the country was in a state 
of subsidence, and ere yet the higher lying boulder clay was 
formed. The only peculiarity of the shells themselves, view- 
ed in the group, is their intensely boreal character. The sole 
species of Astarte which I have yet found at either Gamrie 
or Castleton King Edward,— and I have now visited these 
deposits five several times,— is the Greenland shell, A^iarie 
Arctica ; Natica clau8a,—tk shell of Spitzbergen and the 
North Cape,— is the prevailing Natica ; and the most abun- 
dant shell, of at least the Gamrie deposit, is a bivalve not yet 
found living in our seas, but common ten degrees farther to 
the north, Tellina proxma. Even the great size to which 
the latter shell attained in this locality is not without its 
bearing on the question. "The few specimena'«\v\Ock\)A:^^>^^<Sk\0 
dredged [dead] in i&itaina" says ilie I&Va fxolcAaox^^'v^^^^ 
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Toibea, in hi« mdminkbla hvAatj ai the British MoUnaiiit. 
" are mnoh ■iobIIsi thna tba exotio onci, nous wLich vb 
hsve MBQ eicoeding tliwe-qnirtorH of sd inch iii leogtb, 
»iid about half m iQoh ia breadth." Tho mojlimtj i> one of 
tlioBfl which attain to th«ir fullajt Jevelopmont amid the fioat» 
and BUawi of tho higher latitudes ; and it ii a carious faot, 
that iu tha Gamrie and Caitleton ila^rasiti! ■we find it of a con- 
liiletably grsator aite than anywhsro elia in Saotland. My 
largeit ipeiiimoni frum the Clyde bad> hardly eiceed an inch 
ialanith; whiMM my largest Gamrie speoimens ata nearly 
two inches loug, and their bTcsdth very cousiderahly siLseds 
tho tanglh ginn at Britiih by Profaaior Forbei. 

Mo<t of the houldsr olayi, — aapaoially the liighBr lying da- 
pojita,— I resard a> uioro modaiti than these Bauffshlro hoda. 
TheymarkaparLod when thelaudeatluwiuthQvator, andei- 
litcd as bat a group of wintry ialaoda. To the loutb of tl>« 
Grampiani, their organiima are but fflw; they haveyieldad 
at wide intervals borna of the reia-deer, and tuslLs of the 
Dorthem elephnnt; hut, save in an insulated patch in Wig- 
louihire, nu thella. Tho boulder olay in Caithoeaa is, ou ths 
other hand, rich in ahalla. They attracted the atteution at 
aioioeralBUtTejror.whoflourished about the hegiuuiug of tha 
praaent oentorj, — old John Bushy,— more than fifty jetxt 
ajo ; ihey also attracted ths notice of the lute Sit John ~" 
clair; and ia one of my Caitbuesi joutneys, I was told by my 
friend Hr Dick, that one of tbo hills on which they oooi; " 
borne from a still more early period, the name of " Ba 
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and icntohea marki of the sama agonts that dretied the roclu 
and leored the pebblei ;— nay, the yery tubstanoe and colour 
of iti prevailing days show that it is mainly composed of the 
dresBUi|{s of the rocks on which it rests, — all giving evidence, ' 
apparently, of a time when our half-foundered country sat 
from eight hundred to a thousand feet lower in the water 
than it does now, and vast packs of grinding icebergs went 
careeriog over what are now its lower hills and its higher ta- 
ble lands. 

The Clyde beds and their contents belong apparently to 
a still later time. Their largest shells are usually in a 
state of great entireness and fine keeping. I had the 
pleasure of laying open, two years ago, at Faiilie, on the Ayr- 
shire coast, a virgin deposit, unknown before, in which I 
found continuous scalps of Picten Islandicus still occupying 
the place in which they had lived and died, and with their 
upper valves covered with large balaD», such as wo now dredge 
up from the outer limits of the laminarian sone, and all fresh 
and unbroken. Huge PanopcBa were there sticking fast in an 
unctuous clay, with their open siphuncular ends turned up- 
wards; asid. entire Bp9oimAnB of Cyprinalslandicus BJidModiola 
Modiolus, with their valves still connected by the sorely de- 
cayed ligament. TeUina pfrucima was abundant, but re- 
duced in size to little more than half the Gamrie dimen- 
sions. I found Astarte elliptica the prevailing astarte ; and 
groupes of younger Cyprina huddled together in the character 
— which they do not now assume on our coasts — of gi*egarious 
shells. No crushing iceberg had passed over this deposit ;— a 
grooved and polished rock of Old Bed Sandstone lies be- 
neath, overlaid by a thin stratum of red clay, apparently de- 
rived from it ;— but the higher lying gray stratum in which 
the shells occur had a different origin ;— it is simply the par- 
tially consolidated mud of a quiet sea bottom ; and though its 
group of organisms manifest decidedly the boreal character, I 
cannot doubt that they lived at a time when, either from some 
change in the currents of the coast, or from the elevation of the 
protecting islands outside,— an effect of a general rising in the 
land,— the sea was no longer an exposed one. They in all 
probability mark that later stage of the wintry period to 
which the last formed group of our local glaciers belonged, 
and in which our gradually-emerging country presented, age 
after age, a broader and yet broader area, won from the deep. 

One period more, and I shall have completed my surveY^ 
All the shells which have hitherio \>q«u. io\uA\MSii««^Xv ^-v^x' 
latest terraces of upheaval^ still «xi«i on out qo^\.«. Tatars x^- 
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mtly in ndviiioe pf tha carlioi 

ae moderu tballs Bra, 
bowavar, lonndto oooar in vary diffsrent pvoportioni in cartiin 
[oiuUtiei from what thay do - ■«-. Tho only apaoimeug of 
Fliolaii candidu^ vthiah I baTu baan iibia to procnre fFom 
Iha lowar reubsa of tba Cromarty Fritb, occqf in a clay bed 
of tba old canat period irbiab undeilios a ffliaateQ field m the 
LoRa of Fbtd, a full mite from tba tea. My only apeoimBua of 
Scrobicttlaria piperala from the Fiitb of Portb haTe basn 
derived fram tbe brick ulayi behiud Fortobcllo, more than ■ 
qaarter of a mile beyond the reach uf the tide. My£rs( found 
Scotch ■pscimani of Tkracia cont>&ca I (oIlBctad lait ysar 
f^rn a ruled sea bottom noa,!: Kottb Queeusferry. Tbe np- 
heftvat of tbe land faema la have altered tbe candiiioiu, jo 
certain localitiai, favourable to tbe pi'oduotioii of ebelli tunli 
u Scroikuiaria and Fholai; and Thrada convexa, thongh it 
itill liven in the Fritb of Forth,— which furniBbod ma in tbi 
courae of Uat sumuier with two apeeimeui, tbut, from their 
appeatanae, mnit have died within tha twelveuiontb.— asBin* 
to lie a greatly lata abundant ibell in the locality MV thm 
during the ages of tbe old coait line, and appaata, iinlua, in- 
deed, itbaabeeu hithorlo atrangoly misaad by our dreigaii, to 
be dying out. Tho old Bea-bottom at Qaeaoafany, 
little more than half an aors in eitsnt, fumisbod mo 
with full tbree dozea Bpecimena, though in a itite more or 

desnribed in tba bintory of tbe Mollusca at ons of our rareit 
b ahalls. Of tbi 
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birch, alder, the Scotch fir, and the yew, — with handful! of 
sorely blackened hazel-nuts, and the tmnki and branohei of a 
dwarfish hawthorn, converted into a glossy substance, nearly 
resembling jet. They yield us curious glimpses of those mighty 
woods which coTered the country ere it had become a home 
of man, or during those earlier ages of his inhabitancy, when 
he was yet too unskilful to commence its history. 

Such is a view, all too inadequate, and yet, I fear« not a 
little tedious, both of the several fields in which our geologic 
members have still much labour before them, and of what 
a Scottish museum, truly national, should represent. Though 
the breaks and hiatuses are many, there are still noble ma- 
terials within the limits of our country for the oompesition 
of its pre- Adamio history, — ^that history of which the record 
is in the rocks, and of which organisms are the significant 
luid impressive characters. The very gaps which occur in the 
long chronicle serve all the more strongly to divide it into 
periods, each furnished with its own independent group of 
being, specifically unlike that whieh went before, or that 
which followed after, and suited to remind us all the more 
emphatically in consequence, that to every'species that ever 
lived in the old geologic ages there came a *' last day." "We 
have been long accustomed to recognise the inexorable reign 
of death in its relation to individuals, and to regard it as one 
of the most assured and certain of all things, that as all who 
have lived upon our earth during the ages of the past have 
died, so it is "appointed for all" who now live upon it 
*' once to die." The same experience which leads us to anti- 
cipate that the sun will rise and set to-morrow, just because 
the sun has risen and set during all the many days of the 
past, leads us also to anticipate that all the individual crea- 
tures which now inhabit the earth will die, just because all 
the individual creatures which inhabited the earth in the | 
byjone ages Uo.v^ died And we now find geology extending ■ 
this uniform experience of death from individuals to species, 
and compelling us to believe, on the strength of the argument 
to which we so unhesitatingly yield in the other cases, that 
as all the species of the past have died, so it is destined for all 
the species of the present also to die. The theologian had to 
contend in the last age with a class of sceptics who, — their scep- 
ticism assuming, as is not very uncommon, the form of cre- 
dulous belief, — used to argue that there had been an infinite 
series of men upon earth ; and, of course, if the race had no x 
beginning, could it be held in consialftTic^ \J^^\.\\. ^^^\.c>Vic»^\ 
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iur»ly not uoimportant mbjaot. ... _^ 

middli autmnn, two yoar> ago, for about n bnndred niilua, 
throagh a larisg of well cultivated fielde ; and found almoit 
all their potataaa, conititutiog about ou*-firtb of tlis ontire 
producB of tbe dtitriot, killed by a myaterioui diBoaee. and 
oxbaliug aheavj odour of death and decs; tbat infectedtlio air 
mile after mile. Thora were porhapi as idonjr individua] 
plauti of tbii useful Togetable Ijidg brown aud dead in tlio 
extODBivu area through wbich Ipaaaed, aa tbe entiFo ipecica 
woald have consiitcdof hadit not lieaa loieduloual; and cx- 
teutivelf callivatod by man; and tho appearance of tbo 
blaokeued and fetid ficlda auggeited lu uiu bow, in at least 
soma of tli« imtanoaa, epeoiea may have died. A in<a%e ai- 

yarda of the touth ; and It ie said tbat aboold it continue ita 
ravagas for a year or two longer,— tho gsneroua Madcii-a of 
tbe wine-driuker will become aa muoh a niero IraditlDn iu 
eaofthoancianl!. Nay, 
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BoTftlFhyMieal Sodety ; and who had» tinoe that time, aobier- 
ed for himielf in natural Boienee in general, and in geology 
in eepeeial, areputation co-eztenrire with the oiyilised world. * 
But, alaet Death reigni. This distingniAed man,— in 
the foil blow of his fame, and in the mature prime of vigor- 
oni manhood, — has passed suddenly away; and wherever in 
either hemisphere physical science is oultirated, or the by- 
past history of our globe ezdtes the legitimate interest, his 
early death will be felt and deplored as a heavy loss. The 
spoUer has broken abruptly off many a train of ingenious 
thought, — cut short many a course of sedulous inquiry, — ar- 
rested, just ere its formation, many a profound induction, — 
and scattered hoards of unrecorded knowledge, the adequate 
re-gathering of which many years to come may fail to wit- 
ness. But our idle regrets can neither restore the dead nor 
benefit the living. Let us rather manifest our regard for the 
memory of our illustrious brother, — ^taken so imezpectedly 
from am6ng us, — by making his disinterested devotion to 
science our example, and by striving to catch the tone of his 
frank and generous spirit. And seeing how very much be suc- 
ceeded in accomplishing within the limits of a life that has, 
alas I fallen short by more than thirty years of the old 
allotted term, let us diligently carry on, in the love of 
truth, our not unimportant labours, remembering that much 
may be accomplished in comparatively brief space, if no time 
be lost, and that to each and all that " night cometh" at an 
uneertain hour, under whose dense and unbroken shadow '* no 
man can work." 



* It had been proposed, at the previous meeting of the So- 
ciety, to call to the vacant Presidential Chair the late Pro- 
fessor Edward Forbes. 



( 



1 






0^r%dioL%f 



GLASGOW ATHEN.^UM-LECTURE BY THE 
DUKE OF ARGYLL ON GEOLOGY. 

Last night the Diikc of Ai^'ll delivered a lecture upon 
Geology, in the City Hall, Glasgow, under the auspices of 
the Athenaeum. The hall was crowded, the reserved seats 
being occupied to a great extent by the fair sex of the city. 
Behind the platform and in front of the organ a series of 
gigantic diagrams were placed, having an effect at once in- 
structive and ornamental. At a quarter past eight o'clock, 
the hour for the commencement of the lecture, .Sheriff Sir 
Archd. Alison entered the hall, and made the pamful an- 
nouncement that the Duke had just met with an accident 
In driving down from Wcat George Street to Candleriggs 
(the place of meeting), the pole of a carriage had run into 
that which carried his Grace, and he had been cut on the 
head, though fortunately the wound was only slight. His 
Grace was now in the hands of a surgeon, but would be pre- 
sent in a few minutes. 

The Duke soon after entered the hall, and was received 
with great applause. Happily, very slight traces of the acci- 
dent to which his Grace had been subjected were apparent. 
On the ])l;»tforni we observed SherifT Sir Archibald Alison, 
Walter Buchanan, Esq., M.P.; Sir James Anderson, M.P.; 
Sir James Campbell, Bobert Stewart, Esq., of Murdostoun ; 
Alex. Hastie, Esq. ; William Campbell, Esq. of Tillie- 
chewan ; William Euing, Esq. ; James McClelland, Esq. ; 
Dr. Strang, James Gourlay, Esq. ; James Lumsden, Esq. ; 
'Walter Cnim, Esq. ; Davil Hutcheson, Esq. ; Sheriff Smith, 
Principal Barclay', Professors Allen li'homson, William 
Thomson, Nichol, Anlei-son, Macquorn Bankine, Roger ; 
ijailies Wilaou, Playfair, and Macadam ; tlio Bev. Dr. 
Macleoil, of St. Columba's, and several of the clergymen of 
the city ; the Directors of the Atheuaeum, &c. 

The Duke of Abgyll, on rising to address the meeting, 
was again received with loud cheers. After apologising for 
the delay to which they had bejn subjected on account of 
the accident he had met with, he sail — I have long been 
under a promise— I am- almost afraid to say how long, but, 
I think, for the lost five or nix years— to the managers of this 
institution, to contribute towards its course of lectures. 
It was suggested to me that a more po))ular explana- 
tion than I gave to the British AasoQlaitiVOTL '&cvv£kS\ ^^"d:^ 
ajo, of some curious facta cv>iknttcViv\. V\>i\\ *0^^ V^^a.^^'a. 
in the neighbourhood of Stafe^, a.xiv\ ?>\.aS.v *"^'^*^'^\^'^'^^ 
form a subject more geneTaWy po\>\3\.aa: «^^ vo^^i^^ 
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. ins. I prefur, bowevii', oil thu pmsnC occwion tu aiAke 
Chat tlie last part of my lircture, and m&ke the principal 
! i>urtofiCiu1>nrdiiiBtctLieomiir«:iiirkaauthiiBci8i)Gei>E(;oolog.v 
I in general, itn psat lii^tory anit future jiroHpvcts, on ihe uiain 
I ooucluBidns *biii hsvu iii>.v iieuii fimnally eitaWishnd, and 
I nu Bumu of tlioss which ure Htill thu priotnpal aubjsctii of 
iliic-iuion and of cuutrovomj-. Ttio hutory of goohi^ ia a 
very sUoit one, for of all tho .-icieucM it U thu youugvat ime. 
Sp'-culatioua, indeoJ. i>a the structure of the eartli, and on 
the kiabny cif it>i oroatiou, aru old Liinugh. Almost all mythO' 
1 igiM CDQtaiii thum, BUil ill all agis (hey have beini a piind- 
pal iogredicnC in wlut vran called |4iiloai>|)liy. But epecu- 
lation in not k:iowle^l);e, still leu is it tliat sj-AtematiB 
knowledge which alone wj dignify by the name of 
acieace. liy sciaacs uro mean, nob theorii», not even 
mera aoquaintsiiuo with individuiil facts, but that hind 
of acquuntauce irith tlie^ which consists in a linoiv- 
Udse of their relatum tu eaoh other, aad of thu rule nr law 
utider wliicb th«c oHiiiii-tnou it dvt^nniuoiL Now, it in thin 
kind cf knowledh-e in respect of geology which is of such 
recent origin, Tlicre are, prr.b.ibly. some imlividualH iu this 
assembly of whom it inny with truth be slid that their early 
ywni date from the period bvforu the science of geology was 
iwim. It was only in the hefiinnin),' of the iireKeiit century 
that the fonndatiiin atone of geology ns n scieooe, pro|wriy 
NO called, waa laid, in the dijcosory of this cardinal fact, 
that successive periods in the history iif the eortli have Ijeen 
characterised by auooeasive varieties of animal and vegetable 
life, tlint the Temaiua of these have been preserved iu tlie 
rocks which during thuso jieriods were in courrteot foruiatiun, 
and that by such remains the relative ordei' of these roeki^ 
and their relative bkb doq be doienained. It m 
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m themselvoB, will fail to iU^ ao. The very dutance (9f the 
heavenly boilieB, and the uiysteiy of their inovemeutB, to- 
Kutiier with the s]>lenilui)r of their appearantce, have, from 
mankind. Nowhere have thoy more- naturally ilone so than 
in those countries wlH)?.e inhabitants wer» tht) early cultiva- 
tors of astrt^noniy, where there Ih so littW to distract the eye 
from the iu;vJo.sty of tlie heavens, auid wlieve the purity of 
the atmosphere reveulK tlieir wonderful phenomena with a 
brillancy that va unknown to ub. Bnt the rocks and stones of 
tlie earth, thin;;.s which we are daily liandHng, or on which we 
are daily trea'liu^, what ib there in tlieae to rouao curioHity or 
excite to iuquirj* ? To iind out their i)hy8ical proi)ertie»i or 
their adaptation to liuninn use mi^ht seem the furthest aim 
o^ knowledfjfein n'ganl to them. ^ Tliey aie just what they 
had l>een made when earth itself wa» formed ; and to 'seek 
their origin or history might seem like seeking the history of 
creation— a search which couhl only lose itself, and did actually 
lose itself, in mi^ty six^cuiations about tibe origin of matter. 
No wonder, then, that astrouom}^ had the start of geology, 
on account of its greater claims osk the ciuiosity of 
mankind; nor is it snri)ri8ing, when inquiry had be- 
gan, it should have resulte<l comparatively soon in the dis- 
covery of truths beyond which there i» even now hardly a 
glimmermg of any probable kind. Astronomy, we must re- 
member, is what is called an exact science. It is reasoning 
in its severest and mofit abstract form, re(iuiring, indeed, the 
liighest powers of mind for guidauce and direction, but 
loading those who are able to follow it to conclu- 
sions with absolute certainty, and so to speak with me- 
chanical precision. It i* very different with geology.. 
Its conclusions are built up from little gatherings on 
every side— upon ])robftbilitie» and analogies— upon indi- 
rect and circumstantial evideitce. ITie proof is not on this 
account the less perfect ; Mily it is proof of another kind, re- 
quirin.Lf time, and the labour of many observers to collect 
and digest the evidence. And then some of those conclu- 
siouH which we meet with almost on the threshold, are very 
difficult oi ])eUef. Take the very fir&tw There is no habit ol 
thought more bom with us than that which leads us to place 
confidence in the stability of the great elements of nature ; 
and es|^)eciaUy on that relative distribution of sea and land, 
by which aloiK* we recognise our home, our countrj', our 
very world itself. Kinj' David 8i)eaks of the " everlasting 
hills ;" and sucli, indeeci, they are — not merely in respect to 
the life of individual men, but in respect also of the life of 
all human generations. Small changes are perceptible in 
the course ol centuries, and these may modify, TMjrhapa con- 
siderably, tlie superficial aspect of a country. But we are ac- 
customed to tliink, and to take pleasure in the thought, that all 
great natural features remain substantially unchangecL It is 
in this confidence that we visit the scenes of great events, and 
trace the outlines which were famiUar to famous inen. The 
very first conclusion to which we are led in geological science, 
is one which demands the surrender of all these notions of 
the stability of the land, and of the bounds within, whiolv^^e:. 
seals stayed. It is no longer the " e\eT\a»\^Tv^\vC\^^-->^»^s 
onJj' the everlasting sea. Vv e are caUeA. V!l\>oti \.o \i«^«iN ^, i^<3>\. 
merely that here and there the 8ea\iaagi)iMie«V\i\>o\^^^\««»^-»^^\ 
fciieiand has {gained upou the sea— not -mw^-^ >^:\»X. ^'^ '*»*^ 
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the loq^ bbtory of ihe ^Icilie, aea aud land hftv& h^en pernetu- 
dlydiuiHinKiiUcii-nutnuiIilciily, or, asiCwere, ii;ai:ciamit, 
but fn^iuiatiy. aliuiMt nEolnrly, oa an ordinary o;>cratii>n 
irf nature, and widimterr&lsuf TEdtfts long and u peaccfal as 
thftt which haa iiow Loiitud ainus man was bom. IJo hard of 
beliet wad tbu ciincluiion, that, ftlUiouKh the coDatont oc- 
cuirenoa of Fco-HliuliH itiil>uddcJ in the ro<^B was one of the l 
earlleat circmu'bniceH whiuh rouBwl ciiiioeity and excited to 
iniiuiry, nicii n-ould iiut, unit aTiiiareiitly vould nut grasp tho 
vaM Kbm, A cuiious uxam|ile of thit almoxt inau|>emhle 
difficulty it ['rviunU'd, in to \k fouuil iu a worit, not mucli 
Had iMV, hy nn leii MkLrstcd dji author tL&n Olivet Uold- 

amith. AmiiDghiu maay oyiar litErarj labours— and incited, 
aa he tells db, by adiiiim,tiou i^ the writinga of Pliny— Qold- 
■mith publiihcd ia 17T4atreitiA«on ]?iatural Uixtory, wbich, 
tdu>agh not a work of oriipual reae^kFch, represents at lea&t 
the condition of kaowled^^s iu hia day. . The unireisal'dif- 
fuiionof msiineBbeUii luul attracted the noticfof the ancientB; 
and aoine of thviu appenr to ba.ve drawn from thia fact, COQ' 
oluBiona whidi were madtiquato indotd, but which made goiut. 
approsiniatioii to the truth. Many, liowever, of the aorlieat 
modem iu.iitiruL'B had attributed the fact to the effects o' 
the Deluge. Then, when on further consideratioa it hai 
beoomc clear that uo merely superficial nr transitiay occu 
paUou by the Ren could have deposited its produ:iticina dee], 
in the bowelfl of the earth, inourporaljng them with the very 
Bubatance of the rocks in which they are found, men were 
Wupid enough to moictiuii that foaala were niere iiiwrts of 
Nature— thin^e which had never really bean poaBesaed of 
life, although made in deceptive imitations of its forms, tio 

gotesqne n theory aould- not long stand in veat^atioii ; nud 
the laat oentury a nmnber of writers had Tiudicnted for 
natural ovideixco that confidence in ita tnithfulacsa, viii,h( 




would Recm to follow respecting the universal and continu- 
ous dominion of tho ocean, that, in the choice of difficulties, 
he prefers the supposition that the shells which appear to 
have betfu marine may really have been only the produce of 
fresh-water lakes. Now. there are fossils which really have 
bean left by lakes ; but tnen they are at once distinmiishable 
as such, by precisely analoi^us features to those by which 
we identify fresh- water shells at the present day. The charac- 
teristic distinctions between the productions of the sea and 
those of lakes, are just as certain and as constant as those which 
distinguish both from the productions of the land ; and an^ 
theory which refuses tu recognise this distinction, when it 
is apparent, is just as much a denial uf the truthfulness of 
natural evidence, as that other theory which considered all 
fossils as jests of Nature. « Goldsmith felt the difticulty, and 
only accei>ted it to escape from what lie considered the still 
greater difficulty of sup}X>sing that the solid laud -the great 
continents and highest mountains of the earth — ^had all at 
one time or another been covered by the sea. And it is well 
worthy of remark, that when men did b^iu to accept this 
idea, they accepted it under conditions very different from 
those which, as we now know, had really prevailed. Our ideas of 
the pri>oesse8 ot creation naturally take their f «iriii from our own 
human methods of manufacture or design. We do not rea^Iily 
aiiprehend how slow and gradual are the growths of nature, 
and how their ])erfection and variety are what Tennyson calls 
the ** h>ng ituults of time." So, when the agencv of tlie sea 
came at last to be recognised in tlie structure ot the rocks, 
men imagined a ^ea very diU'ercut from that of which we 
have any knowledge — some universal ocean, wliose waters 
held all the materials of the earth in suKiHjnsion — wliich had 
next lot them fall, and then by its tides and currents had 
heajKid them into mouutains or scooped them into valleys. 
No wonder that Goldsmith, in reviewing these theories, 
si>eaks witli some ccmtempt of human ingenuity 
when engaged in what he calls the *' amusement 
of earthmaking," and wishes that naturalists would 
" be content witli giving us facts instead of systems." j^'acts 
however, are never so eagerly hunted out as when the 
search is undertaken in defence of sonic favourite theory ; 
nor is the bearing of facta ever »o well sifted as when some 
assumed interpretation is canvaf>sed or denied. Goldsmith 
himself, in objecting to the theory of a universal ocean, re- 
fers to one fact of which due notice had not been taken, llie 
very same rocks which testitied to the dominion of tho sea, 
testified very often quite as distinctly to the existence of dr}' 
land ; for fossil- wood was as common as fossil-Khells, and 
not unfrequently the wood seemed older than the shells, 
for they were lying underneath. However long, there- 
fore, the sea may have restetl on the lan(l, said Goldsmith, it 
was clear that it could not have been either permanent or 
universal ; and that, before the dej)08ition of those rocks, 
the earth must have been covered with trees, and theref(n-e 
"habitable, if not inhabited." Goldsmith was not far 
wrong here. Geoh^y gives us no certain evidence vil 'icecj ^ 
time when the irhoh glol>e was covereOi >aij Wv'a Vv<;v>. -^>'v ^\i:^ \ 
time when there was no dry \a\u\ *, viViVW^ \X\^ vs^vA^s^^^ ^v^ 
/osiJii-woocI and titses and leavea \\\ \\\TWLYCL«raN:\«i >8Xx>i>.>. , 



provoa, beyond the iHiflBiUlity iif doubt, that the aea wbioli 
depOHitDil tbetn wan a sua wiUi Bhi>r<», aud Ui<i«e shoros 
cnvenJ, ta luoh ahons ii<iw am, wicb a torrratrial v«getu- 
(ion. When;, thuii, wna Golddinilh's cmir ? — ^what u'tt* it 
that puzzliHl Mm no uiuciif 'J'Jio boui-cih of hu difficult>- 
may all lie traced iu one word. Hu tmys tliat foiiail-wor>dM 
|imvD t!ie earth to havx been uinered with tratiH. "TJiu 
earth ;" j«t \ but vfLat earth 7 Not the earth whiohwa now 
i>ee iu familinr untliuea on tlie terrestrial gli>bB ; not Europe, 
A:ua, Africa, or America —but Bume aucient earth, whosu 
continents lay jjerfanpa where the Atlantio liei now, and 
whose Beaij rolled over the urea now rauuhened by the Andes 
j or the Aliw. Thosohitiiiu of the i>ri)lileni which {iresented 
Itself to his mind is nut quite so difHcult as he sup]>OBed. 
He was not called U]ion tci lieliere, na lie tliought he was, 

' tbM tbe " Kea tuA !w a li'iu^' time cdwred the to|iu af the 

I Inghest monntaias." No wonder he reaisted tbia conulii- 
uou as incanoeivable. |( So it ia. But what ho was reidly 
called upon to beli«ve is very diflerenl. It is merely this : 
niat tbe mouotuina of our earth, as t^ey now exixt, are, 
like other things, the birth oF time ; that there was a jierind, 
or more iKiiods tlinn one, when tlie materials of which tlisj 
are coinpn^-d had nut been raised into tbe form of mountaiiia 
— had not even been hardaoed into the eonsiatenoy of rocka, 
hut lay aecumulatiug, aa sand or ailc or clay, in the bottom 
of iirimeval seas. In order, however, tu conceive tlii^, it 

water bfc Uie raising' or u|ilieaviiig of the land. Tlie Imri- 
zontal, or nearly hoidional, Tinaition in which vrnter tamU 
%a deposit ita iiiateriiile, ciiulil never be rccoiicLlud with 
the broken, twisted, or contorted form wbich tile cousuli- 
dated strata ao frequently aseuuic nu hind; 




npeated cycle ; new worlds Deiug' ever knd again prepared 
from the waste and ruins of the old ; — such was the tueoty 
of Hutton ; a great advance on former systems, inadtnucn 
as it rested entirety upon the oi)eratioa of ordinary causes — 
that M to Hay, causes sintiUur at least m kin<l to those which 
may be seen in contiguous or occasioaal operation now. It 
was the fii-st "Theory of the Karth" which contained 
something like an ac!e<iuate idea of tlie hicalculable ages 
of jj'cohjgical time. According? to this theory, there was 
in the constitution of the globe a iK>wer for interchang- 
ing sea and land, the constant operation of which through 
unnumbered ages would account for any variety and extent 
of change. > It was, in annomicing thi:* theory, that Dr. 
Hiitton expressed himself in the f iiuK>us sentence, the truth 
of which is even now a matter of disct!i»sion, and the discus- 
sion of which introduces us at once into the profouudcst 
qu£!8tiou8 with which human science can l)e called to deal. 
H«ttuu denied thatthere wereany rocks which could be called 
" primitive," if by this were meant rocks whose structure 

> and compociition could not be traced to the same origin as 

. the TtMii. There were, iiideed^ strata which, being older 
than others, had been subject longer, and more frequently, 
to the agencies of change. But there were none which did 
not indicate the same ultimate origin — none which did 
not speak of a world still antecedent to themselves, from 
wh(Mie ruins their materials had lieen derived. There v/as, 
therefore, in geology, "no vestige of a beginning— no 
prosi»ect of an end." But duruig the same years that 

\ Hutton had been devoting himself to the proof, and 
maturing of his Theory of the Earth, William Smith, an 

* English land-surveyor, of very humble scientific pretensions, 
was working his way to the establi»lunent of one great fact, 
which opened up an entindy new prospect to geological 
science, and is the foundation of all its subsequent marvel- 
lous progress. Dr. Hutton had clearly seen that the earth 
which we now inhabit, witli its familiar divisions of sea and 
land, was but one of the thousand aspects which had been 
given to the globe in the course of time past, and that some 
aspect wholly different would result, in time still future, 
from forces which had been ever working, and were 
working still. To his eye it was an orderly procession 
of habitable worlds, in whidi, strain our vision as we 
might, no point of departure could be seen. But he had 
no suspicion of the fact, that the foot-prints which these 
worlds had left ui>on the "JSands of Time," contained 
within themselves a record of their place and order in the 
march of worlds, and i)erhaps, too, an indication of progi'ess 
from a definite banning towards a definite result. Yet it 
is curious how narrowly he and others had escaped this 
great discovery. He knew, and he dwelt upon the fact, 
that the worlds had left records of their existence in the 
remains of their animals and their plants. He knew, too, 
that tliose plants and animals could not always be identified 
with those which are existing now. But he passes lightly 
over this last fact, with the casual observation, that truch 
diflTerences as existed were no greater in kind or in de?jpftfc , 
than the differences which are lound uovf \ie\»^«4B0L «iQ.\s5ue«v- 
porary species in the living world, lilo^ oiX^a. <iL» ^Qi^'2i«i>vo. n^ 
tbebistoryof science, men Having, a»\t.^eKft,>i5aft\3CNCc^^^»^^'^*^ 
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:BHecved for some liai>piee 
to recognise tmil eecure \ Little did Uutton iiaagine tlmt, b; 
meiaunng this difibreiioe of wlmt be Bpolte ao lightly, be- 
tween tbo plautB and animals of the iirpaent world, aailtboaa 
nhicb wore fosailuted in the vai-ioue atr&ta of the etu-tU, we 
have the mt^na of mrooKinB all [w*t worlds in tlia order of 
r their Wth— Kaoimdiiig-iine by which to measure the abysMB 
of ]>B£t time ;' nny, more, a ray of light cast upon thntdBrkeab 
I of all oiibjoclfl, the Hiatory of Life. He haa the honour of 
^avii% first laid donn the fruitful [ninci^e that the difie- 
-arent Etrata of tl'e earth could be buet ideutified by their im- 
I bedded f oaails, innamuch aji U^e shells and auimala contained 
I in each stratun\ were more or less eiiciuuively peculiar to it- 
\ »elf. His Erst map of the English strata, arranged on this 
prinriplo, waa publisheci in 1799. ^y carefully following 
I np the clue which this piinciple ani>rds. and by means of 
1 anttlysis more and more refined, applied to the Btructure of 
extinct forms of life, the acience of geology haa now att&ined 
I 11. _ji.i — ki.i. ! . — 4. .J) their grandeur, and the food 



_ _ prominBUt conclusiona which 

'wti mayuow consider fiSeatahhshed, and what is the nature 
of tbo evidence on which the iiruof is founded. The rocks 
composuig the crust of the eailli may all be divided into two 
great clnsaes— rocks mhicb h ave beBumthsconiiitioiiof melted 
matter from the action of beat, and rocks which hai-e been 
ionned hysimple deposit from water. The fire-rocka are, in 
ganerai, quite easily diatinguiahahle fcom the water-rucks. 
Everybody knoWB "wliinstone" and granite hy.sightaud 
these are typical specimens of the clase to which they belong. 
..II. — lomethmg special to aay in reaneot to tliiB claes of 
a locsl description with whiuh I shall conolude, we 

J _. ,._?SBnt confine our attention to that other great 

olaaa of rooks which have been deposited by former seas, 
.., _.t,.,. ,y by far the largeat part of the whr' - - 
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flf^at characteristicB are seen in the rock» which have bc«% L 
Tonned by water ; because it doe» fso happen that in thicr \ 
country a venr laige proiwrtion of tber monntaius are either 
not formed of strartfied rocka at all, or of rocks whose stra- 
tification has 1)een much obliterated and obscltt«d by sulwe- 
3uent changeH, and which are, for the most' part, entirely 
estitute of fossil remains. But I wish I could give you by 
description any aderjuate idea of the magniUic«nce and the 
distinctness with which, in some other i^art* of Europe, the 
mountains of water-rock npeak to us of the origin of their 
materiak.t/ 1 have lately retunjed from a visit to the Aus- 
trian au(4^avarian Alps, which are, to a great extent, en- 
tirely composeil, from base to summit, of stratified limestone, 
and frequently so stce^) and i)recii»itous that there is neither 
grass nor wrjod to conceal or obscure their structure. They 
stand up in stupendous precipices of perpendicular rock, 
all stiiiHid and ribanded with the ])arallel lines of original 
deposit^- lines which no subsequent baking, or heaving, cm* frac- 
ture, or falling in has been able to efface. We know of one 
agency, and of (me agency alone, whose mechanical effect is 
to arrange solid materials after this fashion— and that is 
theapncy of water; and though the mind is oppressed by 
the iclea of the long ages which must have been required for 
the accumulation, one above the other, of these layers cvf 
liui ' mud to the depth perhaps of 7000 or 8000 feet, still 
nu -nitude and time are the only difiiculty ; the effect on a 
Kiiialler scale is seen, or may ]>e seen, in the deposits of our 
livers, anfl our seas. Nor are there wanting those other in- 
<lisj)utal)le ];roufrf of the reign of Ocean — the remains of its 
corr-la, and its shells, and its fish. On tlie occasion to which 
I have referred, we had before us, dorinir the half of a day's 
journey, one noble mountain of nioi?t peculiar outline, which 
reared its sloping top, terminating on one side in a magnifi- 
cent precipice, to the hei^dit of some 7000 feet above the 
level (»f the sea, and reminding us, more than inountains 
usually do, of the somewhat ideal forum in the pictures of 
Salvator 1 vosa. At the end of our day's journey we found that 
our halting place for the night was near its foot, and that it 
was a mountain celebrated for the tine view it commands over 
the surrounding Alps. ISoiiie of our party next day ascended 
to the top, and fromliigh among its ledges €>f weathered rock, 
all roughened and honey e(mibed with the wear and tear of un- 
numbered years, they brought down fragments, some consist- 
ing entirely of broken shells, and others beariug on their sur- 
face, in the very form and position in which they had lived and 
died, the most fragile tenants of that ancient sea. There is 
still li\'ing, in some of our deeivsea lochs in the Weatern High- 
lands, a kind of shell called Terebratula, varieties of which 
have existed through a vast number of pre-exititing worlds. 
It is a two-valved shell, like the common cockle, but has 
this peculiarity, that at tlie hinge one valve overlaid 
the other, and is provided with a small orifice, from which 
proceed little fibres, which serve to anchor the shell to 
stones or seaweed — only one species now existing in our seaa. ^ 
It is comparatively a rare shell ; b\i\. l\va.N*\M-^w3\^ Csx^^'Sji'^- 
it in Loch lyne, and it is to be iovmOi m o>i>DL^T Vjtii^^a^s^^N 
our western coast. Well, here is ». >vedTaftTk. o1 ^^'^^'^^^|^,;5i. 
family of ahells which was found tYiat Oi».^ ^"^^ ^^ '^'^- 
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: tlie U'o&tlicnHl aurfaceH of tliu loountun. It U ■ onuOl, deli- 
I cato iLell i jHt there it in, ah i)«rf act as if it had butu prJ 
neri-ed in eottuo, with the Uttle iiriGcH of ita anchur sa diHtinc. 
ax when it lived. It is dear that hcrane have it upau the 
Bjiot on whidi it ha<t exiHtcd, for it U too fragile to havo 
Iximn transiHirtatiuii, unieiiifiira tihort distancaia deei> and 
iliiiift watur, Olid ou a Iwd of soft and smooth material. No 
aininiut of readiiig, or uf Rucoiul-hatid knowtedj^, cau biin^ 
nich conduiuonii no forcihly befuru thti uiiud an Bceiu» lUu: 
Uiew; aiuIIcuiifeM 1 have never been bo much iniiiresaeii 
by lbs maunittide ut ({iwlncical i>hi>naiiiiina an when looking 
at the mighty rauiimrt of th.me Styiiaii A1)H, BSfiarated by 
flie nuunuhniu iif the Al|i* fmui the nearest existiuf eea, yet 
bwtriug fnoh naible evidence oE the timit when thewi luatemali 
were beinfc aocnuiulatul in the gnat waters of Bume former 
worM.,''l!ut although it so ba]>|>eii)i tliat, in this ■part, of 
Hciitland at leant, WB hav« uo luouiitaiitsi wbich exhibit, so 
distinotly tJie stratified atnu^'iueut, and the [leculisr b)sails' 
of the water-niokii, iireeiBely the same plienomeoa r" '" *•" 
found clutfv to the Bjiot whwe we are now uueinble. . 
Iiapjien (o be leH conB|iicvi>as, becauHU the strata, iuBtoail of. 
having boan mted and broken into the form of mouutatua, 
•« coiuiWKitii-ely little ehjvated, and ai* covered liytbeBOiJ. 
But you have only t.) I.kJe at the fieetioua of f * ■' -"- 
vbioh our coal-unuex |>(uo, in see iirucisely tlie 
of that pcculinr airungenient in iiarallel beds or strata vrhiuh 
cb««<,*jri>ieit the water-KBiks. 1 very well recoUcct that 
before I took luucli interest in thi* branch of science, 1 ubbiI 
to imagine tliat the Fe]>ruBetitnti'in of strata which we see in 
geological, ilrawiiiip and sectioiis, was an ideal reiveaenta- 
tion, and tbal in nature om did not eue the rocks anantjed 
in such iHTecise anil paruUet Uneii. It iB ]iossible that there 
nu^ be many here who have seen only the apparent con- 
tusion of the Ruiierficiid materials of thu eai-tli— its soils, 
and Btonos, and fuHfitients- anil who are under the 
same impreSHiiai. To diealiuse them of this idea, I need 




would probably Bee thai the river would cease to be 
"t?*S? u ^^ vessels of aay couBidorable size. The de|X)ait 
which the river has laid down f onus a very large portion 
of the ground on wMch this city of Gl||gow is built, and 
we have the means of measuring all the strata which have 
boen formed since our rude forefathers first b^an to navi- 
gate the Clyde/ZMr. John Buchanan has kindly fumiHhed 
me with a statement as to the fossil canoes which have 
been found in the strata formed by the deposit of the Clyde. 
It api>ear8 that during the last eighty years no less than 
seventeen canoes have been discovered. One of them was 
found in digging tlie fio«ndation of St Enoch's church, 
twenty feet below tlie ground. Another was found at. the 
Tontine buildings, at the Cross ; and a third was found at 
the site of the New Prison. Now all these ancient 
canoes- were covered by sand and gravel, brought 
down by the river, in whose waters they had sunk. How 
many centime* have ela}>8ed since they had so sunk it would 
l^®. ve^^diificult to determine, and if any '^f the great steam- 
ships for which our river is so justly celebrated have ever 
sunk, or will do so, they will furnish to the geologist, at 
some future ages of the world, a curious illustration of 
the progi-ess of mankind. ("Hear, hear," and applause.). 
Havmg, then, arrived at the clear conviction that the strati- 
fied rocks of the earth have been all formed in the same way, 
by deposit from water, you will see at once that the first, 
most obvious indication of their relative antiimity is simply 
their overlying or underlying each other. Tbe stratum of 
sand in winch the canoe was found, was more ancient than 
all the other strata wliich lay above it ; the most recent do- 
posit of the river being, of course, always the uppermost. 
Jliis, then, is the first groundwork of classification in geology ; 
and wherever it can be api)lied, it is the most direct and con- 
clusive evidence of the relative age of strata. But we must, 
remember that, in the very nature of tlungs, we cannot- 
expect in all cases to have that evidence to go by. The- 
sea nr the river which deposited a layer at one place 
deposited nothing at another place, because that other 
place was not at the time subject to tho fiow of its waters. 
All those portions of the earth which formed dry land dur- 
ing each geological period received, of course, no deposit 
from the sea of that period ; and as thiire may be, and are, 
such portionH of the earth which are not only dry land now^ 
bat have been dry land during many successive epochs, wo 
cannot expect to find upon them any overlying strata. We 
cannot therefore judge of their own age by the indication of 
what lies above. Here, then, lies> one great value oi the 
discv>very of Smith, that each btratum, or set of strata, among 
all t<He water-rocks, is characterised by its own i)eculiax fos< 
sils so that, bv these fossils, each} set of strata can be recog- 
niae^l, aJthough found entirely separate from others with 
which it is elnewhere associated. Of course this discovery 
was itself first founded on the direct evidence of overlying or 
underlying position, llius, for example, on the east coast 
of England— and I may add, also, in some spots of the north- 
east coast of Scotland — a scries of aaiiids^Tift^sAN^^^'Vist^fi^ 
ol a creamy or whitish colc«ir, are aeviw \)0 Y^a «^vac ^ssj^KJaRx 
set of strata composed of read and cVaja. tVw ^^'^Jf^'^ 
frot the name of Oolite, asid iho cVa^a vf eta c«SWx vft»*'« 



iff 

!Elu£ have their own peoaliar fouils ; and in the luwer iif 
' ' " peonliar indeed. Now, when 

elsewhere coutuaing the euuie 
foBsilB, allhouglr there may not be aotuaJIy jireBunt any oytr- 
lying BBndBtoDea, wo kuoir that the rocke cantiiiniiig thcin 
are older than Ihe OcUta, nnd that the Oohte, if it 
had existed at all at that epot, would have been found 
above, because it is the produet of a later aea. In Jilu 
manner, on the south coast of the Islo of Wight, 
whose rocks present one of the finest natural Bectious in 
Britain, the chaJk hills are seen to be supported below 
by a great series of Bands and BandBtones ; . and, again, 
tu bear ujion their own backs another great Eeries of 
strata, chiefly of clay and lime. All these have their poeu- 
liac foBBils. Now, it is qoite comnurn to find all these 
Btmto. Separate frnm each other — the eands without any 
_i..ii .1 ..... .... .!_ (jgyg jnJ limeatonea without 

i chalk dissociated from both. 

e of recognising them uictoly by 
sight. Mineral aspect obangea constantly. "The Old Red 
SandstonB " ma^ sot be sandstone at all. Hia Grace then 
alluded to certaiD mountains on Uie weal coast of Biiss- 
shiro and Sutherlandahu-o which were thought by Mr. Hugh 
Miller to be Old lied Saadstone. and which, though certainly 
very old and certainly all sandstone, bad been, duriug the 
last year, diacovered by Mr. Peach, a person of groat merit, 
not to belong to the Old Bad Saudetonc classjfieation at all, 
A Btratum of limestone had been discovered containing 
fossils beioaging to the Siloriau rocks. His Grace then 
pointed out on a table prepared by Profesnor Rogers the 
various cla9Fniication» of strata, and remarked that by 
means of the fossils we can dways idcniafy these separate 
strata -, and, though found alone, we know their relative 
age, because at eoine particular place we have fuuud their 
relative position. Prooeading, then, on this princi]ile of 
classifioa^^ " ■ ■■ ■ ■^'- » - -■ ■ p^n ►. 
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above thera. Ycm will have i»> difficulty » iMlderBUniiing 
how this should be the case, if yoM-have uiastered the leading 
idea that, as all ih«) stratified rock* have been laid do\iii by 
wa*er, and as there were probably 2>0wayrt largo portions ol 
the cai^th abofer water, we cannot expect to find t!^x}]i those 
parts <ieposit3 to which they were ^eVer stkbjieclk And, 
then, there is another reason why many strata shdvld be 
wanting, even where they were once exif^ng ; and fi^at is, 
that they have; subsequently Injuu washed swway. We have 
the clearest evidence of this removal in ntftDberless cilees ; 
one example of which 1 sliall bring to your notice' in the local 
descriptiuu mth which I bhall conclude^ '^Thnt groat series, 
then, of water-rocks which have been found to bear the 
relative position indicated in this section, have been cLassi' 
fied into three great divisions. There has been s«me confu- 
sion in the nam\i)g of them, because certain terms whidt 
were applied before the true i)rinciple of classification had 
been disco ve-red, had got such hold, that science has never 
got rid of tiiem, and they now mix inconveniently with 
names founded on the trae i)rineii^)le of division, fint the 
simplest statement of the case is tlii» — that with reference to 
order of time, the rocks have been divided into Primary, Se- 
condary, and Q^ertiary ; and tliat these correspond with an-* 
other division founded on the difference in the fossils — tiie- 
strata of old life, of middle life, and of recent life. The old- 
life strata include the lowest- and oldest of all the strata 
which contain any remains of life, and terminate with cer- 
tain rocks which lie above the coal-measures. The middle- 
life rocks extend from the toi) of theso to tlie chalk inclusive ; 
whilst the recent-life strata incliade all those wliich have been 
deiM>sited since the period of the chalk, down to the latest 
chau^'cs before the commencement of the «xit»^ng state of 
things. Hitherto I have spoken of the discovery of the 
different strata having each their peculiar fossils, only as 
a means of identifying them wlien found separate nrom 
each otiier, and thus of recognising tlieir ^ place with 

reference to others and in refereiico to tin.' But for this 
jmrpose alone, any other peculiarity which wa» equally con- 
stant, would have been etpuilly good. If, for example, it 
had been found that the strata lying unde? chalk were 
always of a certain colour or a certain textare, that colour or 
texture miijht have been sufficient to identify the position 
and age of those rocks when found alone. But the discovery 
in respect to fossils involved far more than this ; it 0T)cned up 
an cLtirely new subject, new even to si)ecidation, absolutely 
now to science. For, just think what fossils are, and what 
is involved in the discovery that each sucttessive series of 
rocks have eaci their peculiar kinds. Fossils a?© the re- 
mains of life. They record, thei-efoi-e, the form in which life 
has been embodied in the worlds which preceded ©nr own. 
We are familiar with the idea of variety— almost endless 
. variety— in the forms of life. It soenis vast when- we regard 
it, even in our own country ; it seems still vaster when we 
♦ regard it in connection with other countries, in man>^ of which 
■^ vi*e should not recognise, i)erhaps, a single plant, or inaeeti^ q."^ 
^' Mrd, or beast, identical with thoHe \n\i\c\i^«> "VajkR^w «>.\.V«2ivsA. 
' ^ ^hen we see a new plant or a ivew M\\m«\, vj^ V\^w« ."J^^^ 
iivall that it is only new to us ; axvA ^© c»Tie\\y^ft^ "^vv^^is. 
\Iouht, that it has existed since tYve ^otVClV*^^^^^^^^^-^ 
we have not l>een; in a poBiUoii V> oVsaerx^SX*. »^ 






one tiling of which wn bavt no oxperiencs, and can hacilly 
form oveti an iibia-'-tbnt ih^ thu fir^t introduction, or thefirat' 
creatinti, of h new lomi rif life. Vet this U tlu ids& with 
wbicli we inuat eniUaiiaiur tu faiuiliarifo our mind when »«■ 

that cncli nEiv nenes of Btmtn in tlie hintory of the earth ban 
a new or (itfculiar net (d foaailiiT Wu mean that new plants 
and now aniuiab hate Iwen formed from time to time, reiilao- 
ing othiTH, which, ir tht wiiue jwriotl, bad died out and be- 
come extinct, eaobnew nerii;* diffsring iu grtater or leea dijares 
from thu serius |inice<Ung— we mean tlial creative powcrhas 
bucn eiurted, iwt a* weHrca|>ttounajjine, once for all, but 
coiitinnomdy, inHiietiially- evar miiewiKt '.. 

with Dome mvtrsity of |)«ttem— some ehango of Bi 

Binne varietr of Trorpowi Anil thua wb find that, aa in __ 
aiXH^t to Chu iliHtnbution of laud and aea, our exiating world 
is but Que of (he nianj oejiecta which (lie eortb has aagumed 
ill tbu course of time ; no in roB|ii!C( to all the living things 
br which it is inhabiUd -they ilo but represent the latent of 
ttie tbouaanil forms in which life ha^ Icen embodied in the 
world since its records began to l)e written in the rocka. 
IiGgan ! I have ueeil the word insljuctively, and rightly, in 
Ei> far at leust as it introilnces us at «noc to the next great 
diviuiiU'uf nuF subject. Begun! Have we then found that 
which Dr. Hutton iledaivd lie could not find in geolc^yi 
some "vestige of a lieginnitigV Hitherto we havs 
been on ground whitfi is not dobatoable. Iliat the 
strata- oE the eartSi haio lieen formud by water — that 
they can bo arranged in tiio order of time— that they 
reoird tlie coBlnnunl intnxhiction of new remains. But 
plantS'aud auimalH to r«i>Iace others which became exUnct — 
tliese are conalliMons ofioiit which there is m> duubt what- 
ever ; they are truths as firmly tutablislied as any in tho 
whole range of the Pbystes} Sciences. But with the further 
iiueatiun whioh I have now sni-^estud, we enter u[>ou ground, 
uvuryBtopof vdiiobis stiU contested. Witliout eoncealine my 




the CHHc may be very simply stated. It is certain 
— iio.geologiut (kiiiL'» it— tbut the lowest and oldest of our 
siratitieu rocks ane ei^tirely destitute uf fossil remains ; but 
many geologists ar;;'.-'^ against the conclusion that life 
did not i'XiHt wlitiT'- ^i.ose strata were de))osited, mainly 
upon, two grrniiiT' . I'irst, they say that these rocks, 
from tJie ver>' fai ' <»f Lieiu^ the oldest in the world, hav« 
been subj^t t» .;.<.- repeatedly than others to the variouB. 
agenoios of liiiut* r.il chunp^e ; and that it is a known effect of 
some of these to destroy and obliterate fossils, when we have 
every \ »roof that tliey have existed in abundance. Secondly, 
it is soinetiuies said that we can never be quite sure of the- 
OOUrexisteiieQ of ffwsils until our search has been more oom- 
Iilete than it ha» yet been ; and rocks of much later date are 
also frecjuuntly found, tliouj^h at a very great depth, equally 
destitute of fossik, although in their case it is known, from 
other examples, that contemiwraury life existe<l in the world. 
To the first argumttut it is re]>lied, that many of the oldfitrata, 
which are destitute «f fot«sils, bear no e\ddence of any baking, 
or-crystallisatioiv, or any other mineral diango which could 
obliterate fossil* if they had ever existed ; whilst to. the 
second, I think it quite sufficient to reply, that our conclu- 
sions iiLUst be founded on such evidence as we have. Tlusse- 
rocks have now been examined in every region of the globe, 
and though they contained all the usual vaiieties of onginaL 
substance, Hme, sand, and clay, the search has always led to< 
the same m^gative result. Therefore, imtil farther search has. 
actually led to tltc discovery of some fossils in those strata,, 
wo are entitled to assume that their non-existence indicates 
that bfe, if it existed at all, had not 1)egun to be abundant, im 
the world, or was restiicted to low and perishable fiDcms. I 
may uveution that the rocks to which I now refer are 
largely represented in the west of Scotland. The iccks 
called gneiss and mica slate belong to them.. Th» 
whole of that fine range of hills which. fa6c& the 
mouth of the Glvde, and fonus so beautiful em outline 
&roui the quay of Greenock, is composed ot mica slbte; 
while gneiss is the foundation-rock of the countsy all along 
the north-western coast of Scotland. Any one of you who 
can find in any one of those strata an^r indication of a shell 
or other fossil, will have made an important difseovery in 
geological science. He will have earned our knowledge of 
the history of life far back into the depth of time ; and he 
will have rendered it far more doubtful than I think it is at 
present, whether we have or have not found in gfeologv some 
trace of a beginning, at least in respect to the introduction 
of life. And then, as regards the second question — vix., 
whether, in the long series of specimens we possess, arranged 
in chronological order, we can detect any signs of i)ro- 
gress, or of advance from a lower to a nig&r type of 
aniiiial or vegetable life t The evidence on this point 
also can be understood by aU. It is an unquestioned 
fact, that in the lowest and oldest rocks no animal remains 
liave been discovered, excei)t the remains of corals, shell- 
fish, and certain pecuuar kinds of crab. It is ^quaily axL- 
mitted, that through a long seriea ol «SBia>iOi'^\i\wx«Jt^^<^ 
i:ext hv^heat and the next oldest, ^i\i^xe Ha aXSX wv ^^'^'^^T^ 
absence ot warm-blooded aimnale, a\\.\\oxv^ ^^'fc ii^sxX. '^^^Va 
abovo fish— viz., reptUes—are beg^xwiiVivft XiO «.vv^^^' 



firtber Btat«d tbat the first nana-bloodatl animJa which do 
a]>pear, ajv of that low type which DOw exisb piinciiially in 
AD9ti^B— the poudied or marsiipial animals— creatures 
whicb aru known by keepers of wild animala to be thu most 
Btupid nnc! iudodle of all. Yet, farther, it is equally certaiu 
that as we ariiie througli the aucceeding strata, the higher 
WBrm- blooded animals rapidly increase, until, in tha later 
»fiea of the earth, wc are aatoniahed by their abundance, 
and not Itrsa 1^ thuir ^{ignntic proportions. Last— not least 
in tliis catalogue of admitted facta— all (geologists admit 
the telling fact that maai was the last sjad kteat of oreatefl 
braugs— neither his remaius nor his woi'ks being ever found 
in any but the niu»t superticinl deposits of our existing world. 
But perhaps some of you may be uielined to ask how, if this 
bo a correct statuiueiit of undis[iuted facts, titers can be any 
qucstjon at sU (.hat there has lH»n progress in the order o! 
creation, from a lower to a higher tj^ie 1 Well, one ground 
of objection is thin— "Vor; true, it is said, the oldest rocks 
contain nothing but fish, shuU-fish, and crabs. But what 
would you expect iu strata which bear evidence of bavin;: 
been formed in deep Bca water ? You can't expect to lind 
Tory often there the remains of land animals, tliough such 
may have existed abundantly at the time on some 
distant shore," To which again it is replied, "Itecol- 
lect there are higher warm - blooded animals whicJi 
" ' ■■ n the land. These are whales. 



and grampuses of various kinds ; and in latter s 
eftually the produce of deep sea water, you do find remwiis 
of such seaanimnlain abundance, but none, not a vestige of 
then), in the oldest rocks." And again, in reply to the ar- 
gument that we have not searched widely enough to eata- 
blishthe absolute Dou-existence of such remains, orof otliers 
ofahi 




their nuiiilxT :iiul variety, together with the total aJMence of 
higher aniuuvls. <;ivi' us thu stronp^est reaaon to believe that 
those otfici's of (li'gtniction which are^ now performed by 
wann-l)l(ioilc(l nnrl more highly organized 1>eatfts of prey, 
were in tliosi* u^as of tlio world assigned to thone momttrous 
lizardft uisd cnMixiileH; and I own that I I'egard the univer- 
lally ailniitU'd fact th;it the creatitm of man was the lost and 
ktest work, i\s one whicl hnosts leads us to expect as pro- 
bable an annlo^oiiH rule in the preceding history of the 
world, ^'oii will i-eudUy nnder&tond the interest which this 
quextion {.rivi's U* t'\ory new discovery of fossils wldch^ casts 
any li;:lit iiium it. or affoi'ds any corroborative evidence 
iriwn one side oj tlie controversy or the other. Within 
a very short time -during the course of the last vear 
— one diHCHivery lisis lieen made in the south of Enghind 
whieli ojirrie.-* dnwn the existence of warm-1il<M>ded quiwl- 
ruped.s li»vv».-r further back into time than they had be- 
fore iK-en kuMwn to exist. It docs not a}>pear to me, how- 
ever, thjit thi- •liHc<»viTy affects the balance of evidence one 
way or uuoliu-r; for it turns out, on examination, that 
all the litiK: ({OudruiHids which havo l)een brought to 
light are of ilic same h>w jMarsu]»ial class which had 
been ah-(':ir!y fnuiid lower than any other in the strata. I 
c(Jme now to Vav third great question— by far the most 
interest] njj, l)iit by far also the' darkest— whether we can 
trace, in this Iu-t.Mry «»f life, any sort of indication of the 
■emidoyiiK-nt of sti;onfl.iry causes in the introduction of 
new jjlants ami nnimal-j. It is impossible that this <iues- 
tion shnuUl not rioinetimes present itself to our minds 
■when we CiUii,(!:»]5l:ite the amazing fact, that CTcation 
liBkA hvi:n not thi- special act of some sjiecial time, but 
<a hmis: scries of acts constantly ri-pcattxl and renewed. 
What sliiulil we h:ive seen had we been present at tlio 
time antl on ilu- s ot where some new form of life— let it Ik" 
the least uiid l<i\\ If.-, came fresh from the hands of (}od? 
Should wij h;ive s- in, for example, some existing shell be- 
come suillenly olu'lient to a new law of growth, and ST>read 
out in 1 uttenjs wliich had been unknown before; or should 
we have .•>» iii tli-. 'uorganic elements of which all animal 
franu'K «(,iisist, !,;ithcr themselves visiblv tr)gether, and be 
niouI<led litf: le n- in some new form of life? The wonder 
of the 
reft 
animnJ 

ciour 

auiuijils hiivo btiii di.rived. In regard to all of thorn we can 
see back Wii Ills l<i a tiuie when none of them existed, and a 
time c(»iH;»:irit i.iv<''y recent when they began to be. What idea 
can v.e form of 'iiy metliod of such a work? Is it pos- 
sible tlijit, liy th ' .nisi>ensiou of the more ordinarj' laws of 
iucrcaof t.v by llie dif>elo6ure of a higher law hitherto con- 
cealiMl. Ko ..(. J r. -( xisting animal should becimie the i)rogeui- 
tor of a ijuv -wi.-.ily unlike itself; and if we had lieen then ! 
liviuLC Oil t^M" • . th, should we have seen nothing but an '. 
app:av'tl\ -im.! > oiis birth: or should we have seensuddenly ' 
fashion" ! fr i-i : ■ dust, in comjilete stature, sonv© <yc^"a.\.>M^ 
endowt'i /i. . . • \' i.(>wer8, and deA\\\\cv\W* \\<i>« ^\»^Q'^\\\vi\\\A**. 
To tL' .*!• ■:>'.•- : <:is, however easctVy v;vi "vsy'sxtj laj^^JwavA^ 
ecienv" iii.'i- :•■.■ has yielded iu> tuvA'^ vi\\\i.\.'eN«. ''^'^i^v 
evidvu'ciis it ;/• "(IsirtabuudanUy tt^lV^c\^i\\V.V»'v^^i*;;^'^^^^'^'^'^ 




^<ii vliich wsa sttt!ni|)ted a fav yAus ago in 
:.'-Hau uf HbTulopiuinit. There in no ap- 
.'ur of one animal LaTing grova into 
1 iiHW fonn appean perfect and eomiiU'te, 
■I't'ftl until it ditiapiitiiini for ever. Tliere 
•le ftulri-d i->:i . audi ui exist now between contempurnry 
MuiualH i-URli ' - -juncct the lion with Uie pole-cat, or the 
wvflu witli nil- "Iture, Bui there is no trace in nature oE 
Ona huvii:(; '•• ■ i: 'kTivutl by cradiial |>ai>£ti(,'o from Ow other, 
ca^ that niiy ." ■'i.\:l ever unilvrwoit any usaential modifica- 
tion <if iiii -■ ■ -i 'urn. Wo leave, tlutii, this problem as we 
fooul it ; :i-: ,'.- mf It highly iirohable, that of the mode 
and la-inu ■ 'i -.creation we iJiall always reinMn iu ignu- 
nuioe, ^^1-- -iii ''>ven\ inilcod, haa aii^mioutof theuiote 
ivfinwl H>.'. . ■::»■;.. im of animal formf, whiuh b very wonder- 
. . V. rious, and in one Hcnae may be said to 
'V /.hidl luui been followed in the exerdse of 
It hart beun cltarly established by tlje 
!-i. fi.iMrtrOwen, that in ri'siicct to one great 
-':' X'-a animal kingdom — I mean that Kruat 
'' . viTtul>rata, or animals the motit esKBiitiul 
..h\-! ukeletuD ill a back bone, divided into 
lU-i i-LTtulmE — it has l)Ben proved, I Bay, with 

. i!i ■■■■- (hat the upedal adaptation of new ani- 

f<-r [ii'iV.I iiunHMeH and Bpecial itiihei-cs of UEe, ha? tit 
- •"< "'-' — •■ --*'• adlif '" — " *""- 
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Mpnt'ii'i' :'.• to I. u consistent with odLerence to one type or 
pattern.' i..-..:Oi'-i»tniGture; so that aU the essential parts 
of tiut fi< 1 '"..':' have been more or less retained, although 
modilii--: i. ■-!.. V'^oan form no idea), to suit the iiartiEiilaE 
ppwcn*. •■ ■ iii! -t-, and enjoyipeuts of each uow form of life. 
Frofoal:: ■' ' '' " :l.aBtrat«H this doctrine of ooinparative ana- 
i:i.. la three dilKn\:nt aiiimala ia the existing 
!.' Foiurate ai>parGntly as any three that could 
I:.-! \iaxowv : the mole wUinh hiirri.wa in %hp ' 
t W'liicli fliea in the air-the whale which 
Well, ■■ .... I 
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' •lugistsnow, however, are a^ed in requir- 

' >f time as baffle the iuiagiiiatiou to couceive, 

r.-.i with the similar deinaiidB which astro- 

' I our conceptions in regard to space. Still, 

-< .ins, Have those vast i)eriods of time been 

' jg more than a mere iieapiiig-up, or accu- 

:'ical results? jHas there not l>een a spend- 

;in exhaustion of force--a ]>assage from 
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and rest ? There arc three great sources 
• M'bicli our arguments on tlds question 
I'rawn : First, there is the])osition in which 
Y seen, with reference to the mechanical 
<hat position is an index and a measure, 
re the changes, whether sudden or gradual, 
: • place in tlic animals and vegetation of the 
^vdly, there are arguments somewhat more 
: . having, nevertheless, very strong founda- 
.iid aualogj', derived from the ][)robable— 
:. y i)e said the necessary — condition of our 
» . i; tary body. I cannot now, of course, give 
! '• of all the arguments on each of these 
: ■' • great (luestiou has called forth in 8upix)rt 
' • usi(»n-j. My own conviction undoubtetUy 
. ut the long ages of geology before the 
: te earth was subject to agencies of change 
. T been exerted in any similar degree since 
i t is very true that these agencies, or others 
. ure, ai-e still giving evidence of their exis- 
'• power;- it is very true that within the 
hey have produced, and are even now pro- 
vhich, though small and slow, would pro- 
«; ■ • »ound interest of some million years, vast 
?.-. ^Ve know of forests where our rude fore- j 
■le wild ox and the deer, which are now co- I 
and buried deep in the sands which ocean 
' :i its spoils ; we know of cataracts of melted 
' iih from internal reservoirs of fire, destroy- 
w ! n, and i)rei)aring new surfaces for another ; 
. '. ;ings and ccmvukions of the earth, which 
oer they have added to the height of 
owered whole territories under tlie level 
. . , more, we know of a \i1iole country 
'■'. ision of the globe — a considerable part 
■. 'i.ch, as if by some mighty and unknown 
' , slowly, steadily, imixjrceptiblv being 
. -i .t every century sees the tide mark a lower 
'! on its risking rocks. Still, no amount of 
- these will account for all the phenomena 
vr in geology. In thqfse Austrian and Ba- 
. which I have before referred, I could not 
. ! ■ ! evidence singularly distinct. Time— enor- 
• lie in its duration— is indeed required for the 
I •• materials — for their consolidation— for tha 
'; ■: mass of strata. All t\\ea«i o^e^^^^sstja \£ia:3 
\\ ;md gradual. But tViexe mvisY, \i»."v«v 'i^^'* :^ 

■zrabx or pressure was \.oo \,T\i\\icii^a>aa \ox \.^^ 
I . ur, and when, faWiTvi; m auCL \ix«^>:^^ ^g 
< ;!id liven like the ftoea oi w:c\.Aa Vi<i- 
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feature in that history receives no expIanatiMk from the 
hypothesis of a constantly decreasing heat. Down to a cer- 
tain period, and that almost the last and latest, all the facts, 
so far as we yet know tliem, are at least consistent with that 
supposition. There seems to be no doubt whatever that the 
animifls and the plants of f onner worlds indicate that a warmer 
temperature prevailed over the globe than prevails at present. 
Even the seaweeds of the older rocks are now represented by 
^nera peculiar to southern seas. No vegetation now known 
I m the hottest regions of the earth— not even that which, on 
' the eastern coasts of tropical America, is the very paradise 
of botanical wonders — equals or ||>proache8 Sk» wonderful 
vegetation from which the co^d measures have been derived. 
Yet that vegetation flourished, not oi^y in this otor own lati- 
tude, now so temperate, but also in arctic r^ons now co- 
vered with perpetual ice and snow. And after that, all 
through the secondary ages, both the animal and vegetable 
remains are allied more or less distinctly to those fami- 
lies which prevail in the warmer latitudes of the world. 
Again, when we come down to the beginniiig o^ the Ter- 
tiary ages, we find, in a deposit at the mouth of the Thames, 
fossils in vast abundance, very sttnilar to those which Indian 
floods are now accumulating in the delta of the Gang^. 
In the succeeding strata, the plants and animals assume 
more and more closely the character of existing forms, indi- 
cating a steady approximation to those conditions of climate 
wliich obtain in the existing world. But, strange to say, 
^ between the latest of these tertiary strata and man^s creation, 
there 8« ems to have intervened, at least all over the Northern 
hemis])here, a period of infinitely greater cold than that to 
which we are now exposed. As compared with that penulti- 
mate period in the past lustory of the globe, its climate has 
been cnanging, not irom a greater to a less d^pi'ee of heat, 
but, contrariwise, it has been getting warmer. So far as this 
singular fact bears upon the main question, it seems to favour 
the arguments of those who maintain that the changes of 
climate throughout the w^hole history of geology have 
arisen from geographical rather than from planetary 
causes — from changes in the^ distribution of land and 
sea, rather than from any which are connected with the 
internal heat of the globe^ Certain it is that the same evi- 
dence which proves concluaivelj that the very last change 
recorded in geology has been one from almost arctic cold to 
that temperate climate which we now enjoy, proves as clearly 
that the change has been accompanied by changes as re- 
markable in physical geograplij'. These changes, however, 
so far as we know their nature, do not api)ear to have been 
such as would naturally tend to raise temjierature. TJie 
height )f mountains above the sea, and extent of continent 
beyond the influence of the sea, are well-known causes of 
colder climates. But in that very cold period of which I 
have spoken our mountains appear to have been very much 
lower than they are now ; or, to use a graphic expression 
of Hugh Miller, the whole country "sat low in the 
water." Yet its heights seem to have been croww^^k \ar3 
• glaciers— floating icebergs grated aiow^ V\i«a «A<5a— - 
/ and ahelhi, for which you must now go to \\\fe vJaoxe^ ol >Ja» 
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Kn«Mt Bw*. livtd m multetuJes in our own vbUej of Ihc 
' Clyde. Thia (aot was first brouglit to light by my hitoii 
I Mr. Smitli, of JordmhiU, whose reeeiirehca, both KMraiy 
and icieaMc. miul lie kooivii bi uisny ol you. The shalh 
of an arctio climate, which ho was tba tint tu discover, hava 
now bnn fount] nt very varioua elavations, up lo feet 
above the level of the Beit. Surely it is ons of the most 
wonderful facta revealed by Kcoloeical acirace, that, aftectlie 
whole cycle of fotmeroliangrahao been completed— after tixe 
surface of the cartli hod atwumed, for the moat part, ita pk- 
iating configuration, theni baa been time for a alow and steady 
uiibeaval of ita t-eneral lev^to the oxtent which those shelb 
indicate, before it waa suSffiently prepared for the dweUinfr- 
piaceuf men. Beaidea the tebtiniony of ahella— the luoat di- 
rect aodconcliieive of all— tliere is anotlisr evidence. Mftn}Tif 
Emmi^haTB obaerveJ all over the West and Nnrthem 
ighlanda, as aliit> in the lake country of Cumberland and 
Westmoreland, enoriuuuB blochs or boulders of stone, very 
often iwrciied upon the very topa of the hills. It in iui|XM- 
aible, when one^ attention is directeil to the singular aitua- 
tion of these blocks, nut to wonder how they could posgibly 
have been so jilaced. Wnrdawortb refers to, and has well 
desciibod them in the following lines ; — 

Couched on tliu halii top of an euiiiLi!nce, 



So that It 
01 rock 0. 



6crai>lud forth, which 01 



li^etb t 



I shelf 



-- — _ — mple of liiB coincidence of true poetdo 

imaoinatian with the trutha of nature, even when these 
truMB may not tliemselves be known, that the illustratioD 
here chosen by WordBworth maAea a very close approxima- 
tion to thi) actual oiplauation now given by geology. The 
hill-topB on which these boulders lie must have bceu aboala 
or shelvea of rnck comparatively near theaurface of the glacial 




Giants' Causeway. The important pomt in this diacovery was 
this :— Previous to the discovery of these leaves, no portion t^f 
the great series uf tertiary rocks had been found in Scotland. 
It appeared that forest vegetation had existed on the top of 
this basaltic rock, and had been overflowed by volcanic mud 
bursting through a bed of chalk. Now, chalk was not found 
in Scotland, but here there were flints, which geologists well 
knew were peculiar to the chalk formation, and wliich must 
have been left there p'^.T the chalk had been comminuted 
and carried away, r Ati thus ])]ia\u that on the bleak shores 
of Mull, and the Western Higufands, there was once aforest 
vegetation to which only tropical regions now afforded a 
parallel. This vegetation was at different times overflowed 
by volcanic ashes, as was evident from the existence of three 
separate beds of mud and leaves, lying between strata which 
had once been lava, and a mass of basalt over all. And, 
Anally, there was proof that such had been the subsequent 
changes which Iiad come over this globe of ours, 
tliat the chalk formation had disappeared, and left no 
traces behind, except in the chalk flints. His Grace 
concluded as follows: — I have no intention' of entering 
upon the religious difliculties which the progress of geologi- 
cal discoveries has been supposed to raise. A large num- 
ber of them have been overcome ; that is to say, they have 
been seen to be no real difliculties at all, but to have de- 
pended, as in the case of astronomy, on the erroneous prin- 
ciples of interpretation which had been appHed to the words 
of Scripture. Such difliculties as remain will, in all proba- 
bility, receive the same solution ; and thus the progress of 
truth in one department^ contributes to its i)rogrcss in 
another, for surely no unimportant advautt^e is attained 
when new light is cast on the conditions under which the 
literal terms of Scripture narrative or parable are to be un- 
derstood. It may be well, however, in closing this lecture, 
to say a few words on the general result of geological science 
as a whole, and the prevailing impressions which it leaves 
upon the mind. And, first, looking outwards, as it were, 
the first idea which it presents, almost with overpowering 
force, is Ti;nc— illimitable lapse of Time. Years cease to 
measure it; cycles of ages appear too small a unit with 
i which to number its duration. When we think of it we 
' may rei)eat, with some nearer approach to an understanding 
of their meaning, the words of David—" In thy sight a 
thousand years are as vesterday when it is passed, and as 
a watch in the night." (Applause. ) The next idea which is 
brought forcibly before our mind is this — that, during that 
enormous laiwe of time, a progressive series of events has 
been directed to a definite and foreseen result. Here, again, 
old and familiar words seem to bear a new sense — to be deeper 
and truer than we ever knew before:— "The sea is His; 
and He made it : and His hands have prepared the dry 
land." What a long preparation that has been ! How 
many worlds succeeding worlds have been required to pro- 
duce our existing earth, with its variety of surface ana of , 
climate — its stores of coal, and lime, and iroti.— \.Vvft vaSw^-X 
pensable materia of human mOkvu&try miOl -^eti^Ji^X fecft.^\ 
then, that wonderful history oi anmial \ilft, \\v \n\v\Oci^^ *«* V 
it biult up from low beginnings, tlirou^^ v:^© ^viww;^QX«5?»«'^ ^ 



s ages of geology to Uie higher 
racr .rmcD now unniai^Fr to the wants of man '. Of all this, 
no other word than the word " Preiiare" giveB the eijiUiift- 
tion or tbo meiming; for it must be alwaja reu-eiuhered 
that what are called iiaturU liwa are not really explnnaloiy, 
ThB7 ilefine the rules according to which certniu efTecCa 
ar« produceti ; but they do not ekpltuu to ug cithei the bow . . 
or the why. Vet these are the ultoiuatoqueations which tho ' 
human mindis ever asking, and without an answ^.r to which 
nothing can be fully understood. Because it is iu the .'nsv er to 
these questions that we can alone recognie« the cce:< ting and . ' 
directing »il]. Causes m-e uot reasons ; but the reason of-^' 
thing is its onl^ real explanation to a reasoning uud/I ; 
then is nothiou intelligible exceiit intell^cnco, ^Applause.) 
And now looking inwards at onnielvcs in the light of this 
science, the Gnt idea that must utrilie ua is that which is 
first by the mere force of contrast, the almost infinite suiall- 
nesa of our own term of life. " Beliold Thou hast madeuur 
days as an handbreatli, and our ago is as nothing 1>eforu 
Thee." But then comes a contrast of another kind— a con- . 
trast bctneon our littlcnesa <n one aspect and our greatness 
in another. Our desire to know, and our capacities of know- 
ledge, bow large and wide they are as compared with our 
power of finAiog oijt 1 We cao. discover, and we have dis- ' 
covered much— we seem to see what passed ages before wi 
were born, or our race b^an. But the deepest and highes. 
truths which welong to linow a™ inaccessible toourresearcliea. 
At momenta we may be beguiled with tbs hope that we B 
on the point of seeii^Bomeuiiiigof themystenee of creatio 
but they recede as we advance. The Creator eludes o 
search. Tbia is as true now m it was in the days of Job— 
"Bebold, I go forward, but He is not there ; and backward, 
' " t perceive him ; od the left band where he doth 
. i._.._.., ,T._. . jj^ iAde,,b Uiaself on the 
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and feeling, Tennyion's "In Memoriam." Speaking: of 
knowledge or eoience, he aaye :— - 

HeU-grown m 3^ a child, and vain— 
Bhe cannot fight tbe fear of I>eath. 
What is she. ont ftom loye and faith. 
But some wild FaOasfrom the faraln 

Of Demonst fiery hot, to bnnt 
All burriers in her onward race 
For power. Let ber know her place ; 
She Is the second, wA the first. 

A higher hand make her mild. 
If alfbe not in Tain ; and guide 
Her f ootst^s, moving side by side 
With Wisdom, liks the younger child ! 

His Grace condaded amidst long-continued and liearl^ 
appUrase. 



THE GOLD-BEARING ROCKS OF 
.J^/^ SCOTLAND-.^^'-M' 

It WM a oommoD opinion among acieatiiic 
men some twenty or Uiirty years ago, tbiit tli 
' cn'stdJline rocks of Scotland, cspeoiiUly tiioa 
of the Higlilauda, which were believed to be c 
the aanie geolo[^cal age as the central Alps of 
Switzerland, like tltem abounded 

gama and crystala than in metals. B 

belief is now rapidly spreading, that the truly 
primary or oldest cla^a of rocka with us are 
confined to a very email district in the north- 
weat of Sutherlandshire, and to oneortwo points 
in the adjoining Outer Hebrides ; and that the 
great map of the Highlands, including onr 
highest mountain), in Rois, Inverness, Perth, 
andArgyllahirea,areofmuchmore recent origin, 
and belong to the Silurian aystem — those 
rocks, vis., iu which the first dawning of orga- 
nised life, in both vegetables and animals,' 
njakes its appearance. The patient researches 
of Mr Peach, of Thiitao, have demonatrated 
that there are real organiams (orthooeratites, 
A'c.) in some of the very hard oryatalliae 
qUBi-tz rocka and limrstonei) of Eiriboli and 
other parta of Sutherland, which old Dr Mao- 
culloch either scouted as such, or thought 
I them but freaks of cryBtallLiatiou ; ^and upon 
[ the foundation of these dianoveriea. the Direc- 




to have been ejected from volcanoeB, and to 
have fallen on a wet snlAuse or shsdlow sea, 
whence it is fotind generally in detached 
molten nodules, or grains and nuggelts^ rather 
than in connected veins or large masses. It is 
peculiarlv characteristic of quartz rock moun- 
tains, and is now discovered not only embedded 
in the rock, but so minutely disseminated 
through it as to have given rise to the quartz 
cruihinfi^ mills, and to the belief that the com- 
mon g<uden colour of the rock is caused by 
microscopic auriferous scales, requiring che- 
mical agents to separate and collect them. 
These later discoveries have induced a search 
for the precious metal farther awav from the 
alluvial and loose gravel beds in which it was 
at first found, and more into the bowels of the 
rocks themselves ; aod henoe^ as all its modes 
of distribution have not yet been likely traced 
out, gold will probably be discovered m many 
localities not hitherto dreamt of as containing 
any trace of it. 

At various periods, and in several different 
places, gold has been found in Scotland. It is 
known that some of our early Scottish mon- 
arohs used native gold to a large extent, if not 
wholly, in their coinages ; and perhaps our 
antiquaries may yet be able to demonstrate 
that the ancient bars of gold used for money, 
and the golden trinkets and ornaments of the 
olden Druidioal priests and chiefs were formed 
more from the auriferous products of the coun- 
try than is generally supposed. The most im- 
portant locality for Scottish gold has always 
been the district of the Lead mils, south of the 
Lpthians ; where, certainly, if anywhere, the 
electro-magnetic agencies which accompanied 
the formation of the metals occurred in the 
greatest variety and intensity of any part of 
this kingdom. The slaty rocks of that district 
have now been proved to be of Silurian age, 
and to bear a close resemblance to the aurifer- 
ous metamorphic slates of Otago and- of the 
other rocks in which gold is now being so ex- 
tensively found in New Zealand. Dr Lindsay 
of Perth, at the late meetma ^0<iWwst^S.^^ ^\' ^ 
the British ABSociatioii a\. Cm^tA^^^^^^s^^^ 
to these resemblaiicea, m t^jo ^^'^t*^ ^^^^"^ 
read on the gold-ftelda ol ^xjniVXasid. ws^- W^Mg^-* 



wliioh be had exMnined ; uid we nnderatand 
tliat it is the doctor*! opinion that these so en- 
tirelr agree, both in mmenl and etrati- 
graphit^ character, with the Soottish rocks, 
that Kold is likely to be moie -widely distri- 
buted in Scotland thsn is at present 
snppoBed. The main fact to be kept in viow 
is that all the world over the most profitable 
gold beds are oonnecl^d with Silurian rocks, , 
althoagh it is also pretty widely disseminated 
in other fonnatioss. The peanliarly Toloanio- 
loo|[ing detached quartz rock deposits of the 
DnrabiU of Portsoy, the Bein HiUb of Cnllen 
and Huntly, the sinaulai sharp peaks of 
quartz in the Paps ana Scarabeans of Gaitb- 
pesa and Jam, as well as those in Sattvirland- 
shire, nil deserve further ezaminatioii. We 
would venture to suggeet that our local 
geologists should unite and conuuunicate witL 
one aaother on this interesting inquiry. Svea 
if it should not be found that the gold deposits 
of Scotland oould be profitably worked (and 
we should be sorry to recommend a reckless 
and mere maroenary searoh) ; yet there can 
be no doubt that the study ot the relations in 
whioh the gold oconta among tite rocks with 
which it is associated in this country^ as well 
Bi the ascertaiuing of those in whioh it ia not 
to be found, wouul be of great iptereat, and 
miglit aid the practical researches of 
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